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INTRODUCTION
A • F orew ord
C h e m ic a l  e f f e c t s  b r o u g h t  a b o u t  by  t h e  a b s o r p t i o n  o f  
I o n i z i n g  r a d i a t i o n  c o m p r i s e  t h e  f i e l d  o f  r a d i a t i o n  c h e m i s t r y .  
The p r i m a r y  i n t e r a c t i o n  o f  r a d i a t i o n  i s  w i t h  t h e  o r b i t a l  
e l e c t r o n s  o f  an  a tom  o r  m o le c u l e  p r o d u c i n g  i o n i z a t i o n  and 
e x c i t a t i o n .  The c h e m ic a l  r e a c t i o n s  a r e  i n i t i a t e d  by  t h e s e  
t r a n s i e n t  s t a t e s  o f  h i g h e r  e n e r g y .
I n v e s t i g a t i o n  i n  t h i s  f i e l d  may t a k e  tw o p a t h s ,  ( a )  
a s t u d y  o f  e l e m e n t a r y  p r o c e s s e s  o r  ( b )  a s t u d y  o f  t h e  p r o ­
d u c t s  f ro m  r a d i a t i o n  in d u c e d  r e a c t i o n s  and  o f  t h e  m e c h a n ism s  
i n v o l v e d .
T h i s  t h e s i s  c o n c e r n s  i t s e l f  w i t h  t h e  r a d i o l y s i s  o f  
ammonia and  t h e  m e th y la m in e s  and t h e  m ec h an ism s  o f  p r o d u c t  
f o r m a t i o n .
P r e v i o u s  w o rk^  i n  t h i s  l a b o r a t o r y  w as done on t h e
gamma in d u c e d  e x c h a n g e  o f  c a r b o n —11+. b e tw e e n  l a b e l l e d  e t h a n e
2
and  m e th y la m in e .  W h ile  t h e  r a d i o l y s i s  o f  e t h a n e  h a s  b e e n  
s t u d i e d ,  t h a t  o f  m e th y la m in e  h a s  n o t .  R e s u l t s  o f  s t u d i e s  o f  
t h e  p h o t o l y s i s  and  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  m e th y la m in e s  
a r e  a v a i l a b l e .  A v a r i e t y  o f  p r o d u c t s  w e re  i d e n t i f i e d ,  b u t  
t h e  e x p e r i m e n t s  w e re  h a m p e red  w i t h  d i f f i c u l t i e s .  C o m p a r iso n s  
b e tw e e n  t h e s e  s t u d i e s  a n d  t h e  r a d i o l y s i s  c a n  p o s s i b l y  be  
made t o  s e e  i f  s i m i l a r  t y p e s  o f  r e a c t i o n s  a r e  t a k i n g  p l a c e .
H a r t  s t a t e d  i n  h i s  r e v i e w  i n  1 9 5 k t  " R e l a t i v e l y  f e w
2c h e m ic a l  r e a c t i o n s  p ro d u c e d  by  I o n i z a t i o n  p r o c e s s e s  I n  g a s e s
3eh a v e  b e e n  s t u d i e d . "  S even  y e a r s  l a t e r ,  Magee w r i t e s ,  "The 
e l e m e n t a r y  p r o c e s s e s  o f  t h e  g a s  p h a s e  c a n  be  s t u d i e d  t h e o ­
r e t i c a l l y  and  e x p e r i m e n t a l l y  w i t h  a v a i l a b l e  t e c h n i q u e s ,  and  
f o r  t h i s  r e a s o n  r a d i a t i o n  c h e m i s t r y  o f  t h e  g a s  p h a s e  may be  
t h e  m o s t  p r o f i t a b l e  a r e a  f o r  i n v e s t i g a t i o n .  H ow ever, exam i­
n a t i o n  o f  t h e  c u r r e n t  l i t e r a t u r e  i n d i c a t e s  t h a t  v e r y  l i t t l e  
g a s  p h a s e  w ork  i s  i n  p r o g r e s s . "
The im p o r ta n c e  o f  r a d i a t i o n  c h e m i s t r y  and  i t s  p r a c t i ­
c a l  a p p l i c a t i o n s  w ere  b r o u g h t  f o r t h  r e c e n t l y  b y  two a r t i c l e s  
a p p e a r i n g  i n  C h e m ica l  and E n g in e e r i n g  N ew s.^  The p r o d u c t i o n  
o f  e t h y l  b ro m id e  b y  u se  o f  a C o b a l t  60 i r r a d i a t o r  i s  t h e  
f i r s t  c o m m e rc ia l  a p p l i c a t i o n .  The p r o d u c t i o n  o f  h y d r a z i n e  
i s  a se co n d  p o s s i b i l i t y .
B. R a d i a t i o n  I n t e r a c t i o n s
C o b a l t  60  i s  a gamma r a y  e m i t t e r .  Two p h o to n s  a r e  
e m i t t e d ,  one o f  1 .1 7  Mev. e n e r g y ,  t h e  o t h e r  o f  1 .3 3  Mev. 
e n e r g y .  The m ain  i n t e r a c t i o n  o f  t h e s e  p h o to n s  w i t h  m a t t e r  i s  
by Compton s c a t t e r i n g .  T h is  i n v o l v e s  t h e  i n t e r a c t i o n  o f  a 
p h o to n  w i t h  a n  o r b i t a l  e l e c t r o n  i n  w h ic h  a p a r t  o f  t h e  p h o to n * s  
e n e r g y  i s  t r a n s f e r r e d .  T h is  r e s u l t s  i n  t h e  p h o to n  b e i n g  de­
f l e c t e d  f ro m  i t s  p a t h  w i t h  lo w e r  e n e r g y  and a n  e j e c t e d  e l e c t r o n .  
The e j e c t e d  e l e c t r o n  h a s  an  e n e r g y  s p e c t r u m  fro m  0 t o  1 . 0 4  Mev. 
T hese  e j e c t e d  e l e c t r o n s ,  Compton e l e c t r o n s ,  c a n  a l s o  i n t e r a c t  
w i t h  a to m s and  m o le c u l e s  p r o d u c i n g  a d d i t i o n a l  i o n i z a t i o n  and 
e x c i t a t i o n .  The a v e r a g e  e n e r g y  t o  p r o d u c e  an  i o n - p a i r  i n  t h e  
g a s  p h a s e  i s  a p p r o x i m a t e l y  30  e . v .  T h u s ,  e x c e s s  e n e r g y  i s
3a v a i l a b l e .
The f u n d a m e n ta l  d i f f e r e n c e  b e tw e e n  i r r a d i a t i o n  o f  
g a s e s  and c o n d e n s e d  s y s te m s  i s  t h a t  t r a o k  e f f e c t s  h av e  
g r e a t e r  s i g n i f i c a n c e  i n  t h e  c o n d e n s e d  p h a s e s .  Beyond t h i s ,  
s i m i l a r  e l e m e n t a r y  p r o c e s s e s  and  t r a n s i e n t  s t a t e s  e x i s t  i n  
b o t h .
The t r a n s i e n t  s t a t e s  c a n  be  g ro u p e d  i n t o  t h r e e  c l a s s e s ,  
i o n s ,  e x c i t e d  s p e c i e s  and  f r e e  r a d i c a l s .
P o s i t i v e  i o n s  r e s u l t  f ro m  re m o v a l  o f  a n  e l e c t r o n  o r  
e l e c t r o n  re m o v a l  f o l l o w e d  by bond  r u p t u r e .  N e g a t iv e  i o n s  
c a n  a l s o  e x i s t  and a r e  fo rm ed  by  e l e c t r o n  c a p t u r e .  T hese  i o n s  
c a n  t h e n  e n t e r  i n t o  v a r i o u s  t y p e s  o f  i n t e r a c t i o n s .
I o n - m o le c u le  r e a c t i o n s  a r e  i m p o r t a n t .  H ow ever, 
t h e i r  o c c u r r e n c e  i s  d e p e n d e n t ,  a s  a r e  o t h e r  r e a c t i o n s ,  upon 
s u c c e s s f u l  c o m p e t i t i o n  w i t h  o t h e r  r e a c t i o n s ,  i n c l u d i n g  n e u t r a ­
l i z a t i o n  and m o l e c u l a r  r e a r r a n g e m e n t s .
E x c i t e d  s p e c i e s  may be  p ro d u c e d  i n i t i a l l y  b y  e l e c t r o n s  
o r  b y  n e u t r a l i z a t i o n .  I n  th e  g a s  p h a s e ,  e x c i t e d  s t a t e s  may 
p a r a l l e l  t h o s e  fo u n d  i n  p h o t o c h e m i s t r y  e x c e p t  t h a t  many more 
e x c i t e d  s t a t e s  c a n  e x i s t .  A g a in  t h e  e v e n t u a l  f a t e  o f  t h e  
e x c i t e d  s p e c i e ,  a s  i n  t h e  c a s e  o f  t h e  i o n s ,  d e p e n d s  upon  com­
p e t i t i o n  w i t h  o t h e r  r e a c t i o n s .  Some o f  t h e s e  a r e  c h a r g e  
t r a n s f e r ,  d i s s o c i a t i o n ,  d e a c t i v a t i o n  by  c o l l i s i o n .
The t h i r d  ty p e  o f  i n t e r m e d i a t e s ,  f r e e  r a d i c a l s ,  b e in g  
p r o d u c t s  o f  t h e  d e c o m p o s i t i o n  o f  e x c i t e d  s p e c i e s  o r  t h e  by­
p r o d u c t  o f  i o n - m o l e c u l e  and n e u t r a l i z a t i o n  r e a c t i o n s  a r e  m ore 
p r e v a l e n t  i n  c o n d e n se d  p h a s e s .  R a d ic a l —r a d i c a l  r e a c t i o n s  i n
c o n d e n s e d  p h a s e s  a r e  due t o  c a g e  e f f e c t s  w h io h  a r e  a b s e n t  i n  
t h e  g a s  p h a s e .
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A r e c e n t l y  p u b l i s h e d  t e x t  b y  L in d  i s  a good  s o u r c e ,
c o v e r i n g  b o t h  p r i n c i p l e s  and  e x p e r i m e n t a l  w o rk .  R e c e n t
l i t e r a t u r e  and b a c k g ro u n d  i n  t h e  f i e l d  a r e  r e p o r t e d  i n  s u r v e y
3
a r t i c l e s  p u b l i s h e d  i n  A n n u a l  R eview  o f  P h y s i c a l  C h e m is t ry
7
and A n n u a l  Review  o f  N u c l e a r  S c i e n c e .
A l l i e d  f i e l d s  s u c h  a s  p h o t o c h e m i s t r y  h a v e  much i n  
common w i t h  r a d i a t i o n  c h e m i s t r y .  A l th o u g h  t h e r e  a r e  d i f f e r ­
e n c e s ,  s u c h  f i e l d s  may p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n .
C. H i s t o r y  o f  ( therm al and P h o to c h e m ic a l  S t u d i e s  o f  t h e  
M e th y la m in e s
1 .  Me th y la m  in e
g
M u l l e r  , i n  1 8 8 6 ,  decom posed  m e th y la m in e  a t  1 2 0 0 ° C.
The p r o d u c t s  i d e n t i f i e d  w e re  am m onia, h y d r o g e n  c y a n i d e ,  
m e th a n e  and  h y d r o g e n .
A p h o to  d e c o m p o s i t i o n  s t u d y  was done b y  T a y l o r  and 
E rae le u s^  i n  1931 w i t h  i d e n t i f i c a t i o n  o f  h y d r o g e n ,  m e th an e  
e th a n e  and  n i t r o g e n  a s  g a s e o u s  p r o d u c t s .  An u n i d e n t i f i e d  
l i q u i d  was a l s o  p r o d u c e d .
10I n  1 9 3 5 ,  E m eleus  and  J o l l y  i n v e s t i g a t e d  t h e  k i n e t i c s  
o f  t h e  d e c o m p o s i t i o n  o f  m e th y la m in e  a t  5it-0°C. t o  5 6 0 °C . and 
showed t h a t  t h e  d e c o m p o s i t i o n  f o l l o w e d  f i r s t - o r d e r  k i n e t i c s .  
They p r o p o s e d  t h e  f o l l o w i n g  m ech an ism  t o  e x p l a i n  t h e  p r o d u c t s  
h y d r o g e n ,  h y d r o g e n  c y a n i d e ,  m e th a n e  and  am m onia.
5CH3 NH2 *+ CE3 * + NH2 »
C H 3 «  +  C H 3 N H 2  " *  C H ^  +  C H 3 N H  -*• C H ^  +  C H 2 = N H  + H*
N H 2 « +  C H 3 N H 2  “*  N H 3  +  C H 3 N H  “* N H 3  +  0H 2 * N H  +  H*
H* + C H 3 N H 2  - *  H2 + C H 3 N H  -*  H2 +  C H 2 * N H  +  H*
CH2 = NH -♦ HCN + fl2
The same a u t h o r s  l a t e r  s t u d i e d  t h e  p h o t o c h e m i c a l  de­
c o m p o s i t i o n 11 a t  100° C. and  fo u n d  a s  p r o d u c t s  h y d r o g e n ,  am­
m onia  and  a b ro w n  l i q u i d .  They p o s t u l a t e d  two i n t e r m e d i a t e s ,  
CH3N=CH2 , i n  a d d i t i o n  t o  CH2=NH t o  a c c o u n t  f o r  t h e  p r o d u o t s .
They a l s o  s t a t e d  t h a t  t h e  qu an tum  y i e l d  was lo w , 0 . 7 .
12 11 I n  1 9 3 7 ,  T r a v e r s  and i n  1 9 3 9 , C a r t e r  * and  c o -
w o r k e r s  s t u d i e d  t h e  t h e r m a l  d e c o m p o s i t i o n  w i t h  n o  new r e s u l t s .
W etmore and T a y l o r 1^-, i n  19Jj4, s t u d i e d  t h e  p h o t o l y s i s  
a t  100° C. f i n d i n g  t h a t  t h e  g a s e o u s  p r o d u c t s  w ere  h y d r o g e n ,  
ammonia and  t r a c e s  o f  m e th a n e .  They fo u n d  t h a t  t h e  decom posed  
m e th y la m in e  t o  h y d ro g e n  r a t i o  w as 2 :1  a t  t h e  s t a r t  o f  t h e  
r e a c t i o n ,  b u t  to w a rd s  t h e  end o f  t h e  r e a c t i o n ,  t h e  r a t i o  was 
1 : 1 .  The ammonia m e th y la m in e  r a t i o  was a c o n s t a n t  r a t i o  o f
0 . 5  t h r o u g h o u t  t h e  d e c o m p o s i t i o n .  They s u g g e s t e d  t h e  f o l l o w ­
i n g  sc h em e .
CH3 NH2 + hv- -* CH3 NH + H*
CH3NH + H« CH3NH2
CH3 NH CH2 = NH + H*
CH2= NH + CH3 NH2  CH2 =NCH3 + NH^
c h 3n h 2 + H. -*• CH2H3N + h 2
1*5W atso n  and  D a rw e n t  i n  1952  s t u d i e d  t h e  m e ro u ry  
p h o t o s e n s i t i z e d  d e c o m p o s i t i o n  o f  m e th y la m in e  and  i n d i o a t e  
t h e  p r i m a r y  s t e p  a s
CH3NH2  + H g(*P x ) -*> CH3 NH + H. + H g t^ S ,,)  .
A d d i t i o n a l  s t e p s  i n  t h e  m e c h an ism :
H* + CH3 MH2  ■* CH3NH + H2
2 CH3KH -*• CH3 N *  CH2  + NH3
W ith  d e u t e r a t e d  m e th y la m in e ,  CH^NDg* t h e y  fo u n d  t h a t  a n  
a d d i t i o n a l  p r i m a r y  h y d r o g e n  a b s t r a c t i o n  s t e p  may be o p e ra ­
t i v e .
CH3 NH2 + H g (SPx ) -* CH2 NH2 + H + H g t^ S o )  , 
o r  e l s e  t h e  f o l l o w i n g  r e a o t i o n  may o c c u r .
H • + CH3NH2  ** CH2 MH2 + H2
R e c e n t l y ,  Meadows and  K i r l a n d ^  h a v e  a t t e m p t e d  t o  
i d e n t i f y  t h e  l i q u i d  p r o d u c t s .  U s in g  f a s t  f l o w  p y r o l y s i s ,  
t h e y  t r a p p e d  o u t  and i d e n t i f i e d  a num ber o f  p r o d u c t s  by  g a s  
c h r o m a to g r a p h y .  T h re e  p r o d u c t s  i s o l a t e d  f ro m  p y r o l y s i s  o f  
m e th y la m in e  w e re  h e x a h y d r o  1 , 3 , 5—t r i m e t h y l —S—t r i e z i n e  ( C ^ H ^ ^ ) ,  
N - m e t h y l g l y c i n o n i t r i l e  ( 03% ^ ) ,  and g l y o i n o n i t r i l e  (C2H[jN2 ) .
A p o ly m e r  w as a l s o  o b s e r v e d  w h ic h  c o n t a i n e d  t h e s e  f u n c t i o n a l  
g r o u p s : NH ; C=NH ; C=NR and CN.
2 .  D im e th y la m in e  and T r im e th y la m in e
Rom neyl? i n  1878  p a s s e d  t r i m s t h y l a m i n e  t h r o u g h  a 
h e a t e d  t u b e  and o b t a i n e d  h y d r o c a r b o n s ,  h y d r o g e n  c y a n i d e ,
ammonia and a r e d  l i q u i d  a s  p r o d u c t s .
«« O
B am ford  I n  1939  s t u d i e d  t h e  p h o t o l y s i s  o f  b o t h  d i ­
me th y la m in e  and t r l m e t h y l a m i n e .  The p r o d u c t s  o f  t h e  d i m e t h y l — 
am ine  p h o t o l y s i s  were m a in ly  h y d r o g e n ,  a brow n l i q u i d  and s m a l l  
am o u n ts  o f  m e th an e  and e t h a n e .  He s u g g e s t e d  t h e  f o l l o w i n g  
m ech an ism :
( C ^ ^ N H  + h«- -► (0H 3)2 N* + H*
H* + (CH3 ) 2 NH -* (CH3>2 N- + H2
2 (C H 3 > 2 N. -*■ (CH3 ) 2 NH + CH3N =  CH2
T h is  was b a s e d  up on  th e  f a c t  t h a t  when p r o p y l e n e  was p r e s e n t ,  
p ro p a n e  and h e x a n e  w ere  p r o d u c t s ,  I n d i c a t i n g  p r e s e n c e  o f  
h y d r o g e n  a to m s .
W ith  t r l m e t h y l a m i n e ,  s i m i l a r  p r o d u c t s  w ere  o b t a i n e d .  
The p r i m a r y  a c t  h e r e  b e i n g :
(CH3 )3 N ♦ h r  (CH3 ) 2 N* + CH3 .
F o l lo w e d  by
( CH3 ) 2NH + CH3 » (CH3 ) 2N« + CH^
H» + CH3. -♦ CHj^ , 
g i v i n g  m e th a n e  and
2.CEy C2H^ , g i v i n g  e t h a n e .
C a r t e r ^  and h i s  c o - w o r k e r s  s t u d i e d  t h e  t h e r m a l  de­
c o m p o s i t i o n  o f  th e  two g a s e s  a t  4 4 0 n C. T hey s u g g e s t e d  a f r e e  
r a d i o a l  m echan ism  was o p e r a t i v e  I n  d im e th y la m in e  d e c o m p o s i t i o n  
and a c h a i n  m echan ism  f o r  t r l m e t h y l a m i n e .  I n  t h e  l a t t e r  c a s e ,  
m e th an e  f o r m a t i o n  was r e t a r d e d  by  a p a c k e d  t u b e ,  b u t  a c c e l e r a ­
t e d  by  t h e  p r e s e n c e  o f  h e l iu m .
IQ
I n  19 57 , G e s s e r  and  c o - w o r k e r s  r e i n v e s t i g a t e d  th e  
p h o t o l y s i s  o f  t r l m e t h y l a m i n e .  I f  t h e  d e c o m p o s i t i o n  w as h e l d  
t o  l e s s  t h a n  1%T t h e  p r o d u c t s  w ere  m e th a n e ,  h y d r o g e n  and  
e t h a n e .  A p o ly m e r  w as fo rm e d  on  g r e a t e r  d e c o m p o s i t i o n .  The 
p r e s e n c e  o f  c y c l o p e n t a n e  d e c r e a s e d  th e  r a t e  o f  h y d r o g e n  fo rm a ­
t i o n  i n d i c a t i n g  th e  a b s e n c e  o f  h y d r o g e n  a to m s  i n  t h e  r e a c t i o n .  
C y c lo p e n ta n e  c o u ld  a l s o  q u e n c h  t h e  t r l m e t h y l a m i n e ,  i f  i t  w ere  
e x c i t e d .  They p ro p o s e d  th e  f o l l o w i n g  m e c h an ism :
(CH3)3N + h r  ( c ^ ^ N
(CH3 ) 3 N + M -* (CH3 )3 N + M*
(CH3 ) 3N* -*■ (CH3 ) 2N + CH3 .
• e x c i t e d
M i s  a n o t h e r  m o le c u le  o r  w a l l .
The p y r o l y s i s  o f  d im e th y la m in e  by  Meadows and K i r k ­
l a n d 1 *^ gave  h e x a h y d r o  1 , 3 , 5—t r i m e t h y l —S - t r i a z i n e ,  (C ^ H ^ c ;^ ) ,  
N , N - d i m e t h y l g l y c i n o n i t r i l e  (C^H8N2 > and a p o ly m e r  f i l m  a s  
p r o d u c t s .  T r lm e th y la m in e  y i e l d e d  h e x a h y d ro  1 , 3 , 5 —t r i m e t h y l — 
g l y c i n o n i t r i l e  ( C ^ H ^ ^ ) ,  N, N - d i m e t h y l g l y c i n o n i t r i l e  (C^HqN2 ) 
and g l y c i n o n i t r i l e  (C2H|jN2 ) .  O th e r  p r o d u c t s  w e re  e t h y l e n e  and 
a o e t o n l t r i l e ,  t h e  l a t t e r  b e in g  d e t e c t e d  by  m ass  s p e c t r o m e t e r .
D. P r e v i o u s  Gamma I r r a d i a t i o n  S t u d i e s
20The r a d i o l y s i s  o f  l i q u i d  ammonia b y  C l e a v e r  and 
c o - w o r k e r s  showed t h a t  n i t r o g e n ,  h y d r o g e n  and h y d r a z i n e  w ere  
p r o d u c e d .  T h e r a d i o l y s i s  c a n  be d e s c r i b e d  by t h e  f o l l o w i n g  
e q u a t i o n :
0 . 7  HH3  0 .2 2  N2 + 0 . 8 1  H2 + 0 . 1 3  N2H^
9The r a t i o  o f  h y d r o g e n  a to m s  t o  n i t r o g e n  a to m s  i n  t h e  i d e n t i ­
f i e d  p r o d u c t s  i s  3 - 0 3 .  They a l s o  fo u n d  t h a t  t h e  G(H2 ) was 
I n d e p e n d e n t  o f  d o s e .
The r a d i o l y s i s  o f  t r l m e t h y l a m i n e  a t  —'78rtC. was c a r r i e d
p i
o u t  b y  S m ith  and  Swan. The p r o d u c t s  N ,N ,N ,'N *  t e t r a m e t h y l — 
e t h y l e n e  d ia m in e  and N ,N ,N , 'tf* t e t r a m e t h y l m e t h y l e n e  d ia m in e
w ere  e x p l a i n e d  on  t h e  b a s i s  o f  r a d i c a l  c o m b i n a t i o n s .
22More r e c e n t l y ,  T b i,  P e t e r s o n  and  B u r t o n  s t u d i e d  
th e  e f f e c t  o f  d e n s i t y  i n  t h e  r a d i o l y s i s  o f  am m onia. The d e n ­
s i t y  r a n g e  c o v e r e d  was f ro m  5 .5  x  10"** gm /cc  t o  3 .1 2  x  10“'* 
gm /cc a t  137°C . The o n l y  p r o d u c t s  d e t e c t e d  w ere  h y d r o g e n  and 
n i t r o g e n .
They fo u n d  th e  GtHg) and CtfNg) v a r i e d  w i t h  d e n s i t y .
G(—NH^) w ere  e s t i m a t e d  f ro m  t h e  v a l u e s  f o r  GfHg) a s s u m in g  t h a t
G(—MH^) = ^ G (H g ) .  GfHg) v a r i e d  f ro m  1 .1 3  t o  6 . 1 8  m o l e c u l e s
p e r  100 e . v . ,  t h e  l a t t e r  v a l u e  a t  l e a s t  d e n s i t y .  The G(—NH^)
e s t i m a t e d  w i t h  GfHg) = 6 .1 8  i s  l j . . l  m o le c u l e s  p e r  100  e . v .
T h is  v a lu e  i s  f o r  ammonia a t  a d e n s i t y  o f  5 . 5  x  10T* g m /o c .
23The o n ly  o t h e r  G(—NH^) r e p o r t e d  i s  3 .2 7  m o le c u l e s  
p e r  100 e . v .  a t  20—23n C.
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EXPERIMENTAL
A. C h e m ic a ls
1 .  Ammonia and  t h e  M e th y la m in e s
Ammonia and th e  m e th y la m in e s  w e re  p u r c h a s e d  f ro m  t h e  
M a th e so n  Co.
a .  Ammonia, a n h y d r o u s ,  p u r i t y  9 9 .9 5 #  was d e g a s s e d .
A c e n t e r  o u t  was t a k e n  and d i s t i l l e d  f ro m  a t r i c h l o r o e t h y l e n e — 
d r y  i c e  s l u s h  b a t h  (—8 0 ° C .)  t o  a l i q u i d  n i t r o g e n  b a t h  (—1 9 5 ° C . ) .
b .  M e th y la m in e ,  a n h y d r o u s ,  p u r i t y  9 8 $ , w as f i r s t  
a n a l y z e d  by  g a s  c h ro m a to g r a p h y .  I m p u r i t i e s  d e t e c t e d  w ere  
amm onia, d im e th y la m in e  and t r l m e t h y l a m i n e .  M e th y la m in e  was 
d e g a s s e d  and a o e n t e r  o u t  d i s t i l l e d  f ro m  —8on C. t o  —195°C . 
F o l l o w i n g  t h i s ,  t h e  g a s  w as s u b j e c t e d  t o  c y c l e s  o f  f r e e z i n g  
and t h a w in g ,  u s i n g  a s l u s h  b a t h  o f  i>~propy l a l c o h o l  and l i q u i d  
n i t r o g e n  (—130n C . ) .  A t —1 3 0 ° C . ,  t r l m e t h y l a m i n e  and ammonia 
h a v e  s u f f i c i e n t  v a p o r  p r e s s u r e s  and  c a n  be rem oved s l o w l y  by  
pu m pin g . C hecks on t h e  re m o v a l  w e re  made a t  i n t e r v a l s  by g a s  
c h ro m a to g r a p h y .  D im e th y la m in e  r e m a in e d  a s  t h e  m a jo r  i m p u r i t y .
c .  D im e th y la m in e ,  a n h y d r o u s ,  p u r i t y  9 9 $ , was t r e a t e d  
i n  t h e  same m an n e r  a s  m e th y la m in e .  M e th y la m in e  r e m a in e d  a s  
t h e  m a jo r  i m p u r i t y .
d .  T r lm e th y la m in e ,  a n h y d ro u s ,  p u r i t y  9 9 # ,  w as de­
g a s s e d  and a o e n t e r  c u t  d i s t i l l e d  f ro m  —130°C . i n t o  a b u lb  
a t  —195°C . Gas c h ro m a to g r a p h y  showed ammonia a s  a n  i m p u r i t y
11
a l o n g  w i t h  a n  u n i d e n t i f i e d  com pound.
2 .  O th e r  C h e m ic a ls  and  O a se s
a .  H y d ro g e n , M a th e s o n ,  p r e p u r i f i e d ,  p u r i t y  99*9#
b .  M e th a n e ,  M a th e s o n ,  C .P .  g r a d e ,  p u r i t y  9 9 .0 #
c .  E th a n e ,  P h i l l i p s  P e t r o le u m  C o . ,  p u r i t y  9 9 .9 6 #
d .  E th y l a m in e ,  M a th e s o n ,  a n h y d r o u s ,  p u r i t y  9 8 .5 #
e .  A rg o n , M a th e s o n ,  p u r i t y  9 9 .9 9 8 #
f .  H e l iu m , M a th e s o n ,  p u r i t y  9 9 .9 9 #
g .  M e th y l  h y d r a z i n e ,  K and K L a b o r a t o r i e s ,  J a m a ic a ,  
N. Y.
h .  D im e th y ls  t h y l a m in a ,  K and K L a b o r a t o r i e s ,  
J a m a ic a ,  N. Y.
i .  N i t r i c  O x id e ,  M a th e s o n ,  p u r i t y  99#
j .  I o d i n e ,  M a th e s o n ,  Colem an and B e l l ,  U .S .P .
3 .  C h ro m a to g ra p h ic  Column M a t e r i a l s
a .  S i l i c a  g e l ,  M a th e s o n ,  Colem an and  B e l l ,  3 0 -6 0  
m esh .
b .  M o l e c u l a r  s i e v e  13X, B u r r e l l  C o r p . ,  l e s s  t h a n  
40  m esh .
c .  F l u o r o p a k  8 0 ,  F l u o r o c a r b o n  C o . ,  f u l l  r a n g e  
p a r t i c l e  s i z e .
d .  F i r e b r i c k  C -2 2 , J o h n s - M a n v i l l e  C o . ,  4 0 -8 0  m esh .
e .  O - t o l u l d l n e ,  E a s tm a n  Kodak C o . ,  p r a c t i c a l  g r a d e .
f .  D i e th a n o la m in e ,  E a s tm a n  Kodak C o . , p r a c t i c a l  
g r a d e .
g .  L a u r y l  a l o o h o l ,  M a th e s o n ,  C olem an and  B e l l ,  
t e c h n i c a l  g r a d e .
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h .  Sodium  i o d i d e ,  M a l l i n c k r o d t  C o . ,  r e a g e n t  g r a d e
i .  C e t y l  a l o o h o l ,  F i s c h e r  C h e m ic a l  C o . ,  N .F .  g r a d e
B. E q u ip m e n t  and A p p a r a t u s
1 .  C o b a l t  60  S o u rc e
The c o n s t r u c t i o n  and  o p e r a t i o n  o f  t h i s  s o u r o e  h a s  
b e e n  p r e v i o u s l y  d e s c r i b e d '1’. The s o u r c e  had a s t r e n g t h  o f  
85 o u r i e s  i n  S e p te m b e r  1 9 6 2 .  The a v e r a g e  d o se  r a t e  c a l i ­
b r a t e d  w i t h  a F r i o k e  d o s i m e t e r  s o l u t i o n  a t  t h i s  t im e  was 
8 . 9I4. x  10* 6 e . v .  g n f ^ m i j f * .  An i m p r e s s i o n  o f  t h e  s o u r c e ,  
t o  d e t e r m i n e  i t s  p o s i t i o n  i n  t h e  i r r a d i a t i o n  c a n ,  showed t h a t  
i t  was n o t  c e n t e r e d .  The v a r i o u s  i r r a d i a t i o n  p o s i t i o n s  u s e d  
had  t o  be c a l i b r a t e d .
2 .  d a s  C h ro m a to g ra p h
A P e r k i n —E lm e r  m o d e l  151|B g a s  c h r o m a to g r a p h  was u s e d .  
I n  o r d e r  t o  m in im iz e  t e m p e r a t u r e  v a r i a t i o n  due t o  t e m p e r a ­
t u r e  o h a n g e s  i n  t h e  room , t h e  c o lu m n  c h a m b e r  w as I n s u l a t e d .
The s i g n a l  o u t p u t  w as r e c o r d e d  on a S a r g e n t  SR r e ­
c o r d e r ,  u t i l i z i n g  v a r io u s *  m i l l i v o l t  s p a n s  and  c h a r t  s p e e d s .
3* Vaouum S y s tem
The vaouum s y s te m  u s e d  t h r o u g h o u t  t h e  w o rk  i s  d i a ­
g ram ed  i n  F i g u r e  I .  The m a in  m a n i f o l d  c o n s i s t e d  o f  a t i l t i n g  
McLeod g a u g e  (1 m lo r o n )  a t t a c h e d  t h r o u g h  a s t o p c o c k ,  a c a l i ­
b r a t e d  g a s  b u r e t t e ,  t a p e d  s t o r a g e  b u l b s  t o  c u t  o u t  p h o to c h e m i­
c a l  d e c o m p o s i t i o n  and  s e v e r a l  1 0 /3 0  s t a n d a r d  t a p e r e d  j o i n t s  
c o n n e c t e d  t h r o u g h  s t o p o o o k s  t o  w h ic h  t h e  I r r a d i a t i o n  t u b e s  
w e re  a t t a c h e d  and  o t h e r  a c c e s s o r i e s .
Vacuum w as o b t a i n e d  w i t h  a m e r c u r y  d i f f u s i o n  pump,
FIGURE I  — Vacuum System
To vacuum pump
Legend 
7) S to p c o ck  
f  Ground j o i n t  
A S to ra g e  b u lb  
D Trap
B Gas b u r e t t e  
C T i l t i n g  McLeod gauge
. n r
and a Cenoo Hyvac fo re p u m p .  The fo re p u m p  was p r o t e c t e d  by a 
w a t e r  c o n d e n s e r  and a d r y  i c e  t r a p .  The m a in  m a n i f o ld  was 
p r o t e c t e d  f ro m  m e rc u r y  v a p o r s  by a l i q u i d  n i t r o g e n  t r a p  p l a c e d  
b e tw e e n  i t  and t h e  d i f f u s i o n  pump. The volum e o f  t h e  m a in  
m a n i f o ld  w as c a l i b r a t e d .
4 .  T o e p l e r  Pump
The t o e p l e r  pump u s e d  t o  t r a n s f e r  n o n - c o n d e n s a b le  
g a s e s  f ro m  th e  I r r a d i a t e d  g a s e s  i s  p i c t u r e d  i n  F i g u r e  I l a .
The pump was p o r t a b l e  and c o n n e c te d  t o  t h e  vacuum m a n i f o ld  
t h r o u g h  a s t a n d a r d  t a p e r e d  j o i n t .  A p i e c e  o f  h e a v y  w a l l e d  
ty g o n  t u b i n g  was u se d  t o  c o n n e c t  t h e  th re e -* * a y  Y s t o p c o c k  t o  
t h e  t a p e r e d  j o i n t .
A c a l i b r a t e d  v o lu m e , 0 .3 1  m i l l i l i t e r s  b e tw e e n  s t o p ­
c o c k s  A and B, was u se d  t o  m e a su re  t h e  q u a n t i t y  o f  n o n -o o n — 
d e n s a b l e  g a s .  The p r e s s u r e  o f  t h e  g a s e s  i n  t h i s  c a l i b r a t e d  
volum e was m e a su re d  w i t h  a m e t e r  s t i c k .
5 .  I r r a d i a t i o n  T ubes
The i r r a d i a t i o n  t u b e s  c o n s i s t e d  o f  10 mm. O.D. p y r e x  
t u b i n g  w i t h  one end o f  t h e  tu b e  d raw n  o u t  t o  a c a p i l l a r y  and  
t h e n  f a s h i o n e d  i n t o  a b r e a k  s e a l .  A t t a c h e d  t o  t h e  o t h e r  end  
o f  t h e  tu b e  was a 2  mm. c a p i l l a r y  w i t h  a 1 0 /3 0  s t a n d a r d  
t a p e r e d  j o i n t .  The i n d i v i d u a l  t u b e s  w ere  c h e c k e d  t h o r o u g h l y  
b e f o r e  u se  f o r  l e a k s .
The t o t a l  l e n g t h  o f  t h e  t u b e s  v a r i e d  b e tw e e n  1|..5 end  
5 . 0  i n c h e s .  The a p p r o x i m a t e  volum e o f  t h e  t u b e s  was d e t e r ­
m ined  a f t e r  t h e  c o n t e n t s  w ere  a n a l y z e d .  A t u b e  i s  d ia g ra m e d  
i n  F i g u r e  l i b .
FIGURE I I  
T o e p l e r  Pump I r r a d i a t i o n  Tube
1 0 /3 0  Ground J o i n t
X  5 / 1 2  B a l l  
& S o c k e tL e v e l i n g
B ulb
1 9 /3 8  G round 
J o i n t
Tygon






I r r a d i a t i o n  Tube 
b
S m a ll  B u lb  
c
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6 . G-as Sam ple H o l d e r s  f o r  Gas C h ro m a to g ra p h ic  A n a l y s i s  
F i g u r e  I I I  i l l u s t r a t e s  t h e  h o l d e r s  I n t o  w h ic h  th e  
g a s  w e re  t r a n s f e r r e d  f o r  a n a l y s i s .  The g a s  sam p le  h o l d e r  i n  
F i g u r e  I l i a  was u s e d  f o r  a l l  a n a l y s e s ,  e x c e p t  f o r  t h e  q u a l i ­
t a t i v e  n i t r o g e n  d e t e r m i n a t i o n .
F o r  t h e  n i t r o g e n  d e t e r m i n a t i o n  t h e  h o l d e r  i n  F i g u r e  
I l l b  was u s e d .  I n t o  t h i s  h o l d e r  a s m a l l  b u lb  ( s e e  F i g u r e  
l i e ) ,  b lo w n  fro m  2 mm p y r e x  c a p i l l a r y  t u b i n g  and  i n t o  w h ic h  
a sa m p le  f o r  a n a l y s i s  had  b e e n  t r a n s f e r r e d ,  w as p l a c e d .  A f t e r  
t h e  h o l d e r  was f l u s h e d  w i t h  h e l iu m ,  t h e  b u lb  was b r o k e n  by 
t a p p i n g  t h e  g l a s s  r o d ,  r e l e a s i n g  t h e  sam p le  i n t o  t h e  h e l iu m  
s t r e a m .
C. P r o c e d u r e s
1 .  C a l i b r a t i o n  o f  S o u ro e  by  F r i c k e  D o s i m e t e r ^
The F r i c k e  s o l u t i o n  c o n s i s t s  o f  t h e  f o l l o w i n g :
Fe(N H ^)2 (S 0^ ) 2 *6H2 0 1 .9 6  x  l ( T aM
NaCl 1 .1 8  x  10~®M
H2S 0 ^ (  9 5 -9 8 # )  4 . 0  x  10~J,M
I r r a d i a t i o n  t u b e s  w ere  f i l l e d  t o  a d e p t h  o f  4*5 
i n o h e s  w i t h  t h i s  s o l u t i o n .  B i g h t  p o s i t i o n s  a ro u n d  t h e  w a l l  
o f  t h e  i r r a d i a t i o n  c a n  w ere  c a l i b r a t e d .  O r i e n t a t i o n  o f  th e  
c a n  i n  t h e  s o u r c e  w as t h e  same f o r  a l l  i r r a d i a t i o n s .  The 
d o s i m e t e r  s o l u t i o n s  w ere  i r r a d i a t e d  f o r  6 , 1 0 ,1 5  and  20  m i n u t e s .  
The r e s u l t i n g  i r r a d i a t e d  s o l u t i o n s  w ere  m e a su re d  on a Beckman 
DU S p e c t r o p h o t o m e t e r .
M easu rem en t o f  t h e  a b s o r b a n c e  i n c r e a s e  i n  a 1—cm.
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FIGURE I I I  
Gas Sample H o ld e r s
5 / 1 2  B a l l  & S o c k e t
a
G l a s s  Rod
R ub ber  T u b in g
f  2 k /k o  G round J o i n t




q u a r t z  c e l l  a t  3050  A and a s l i t  w i d t h  o f  0 . 1  mm. was u s e d
t o  d e t e r m i n e  t h e  y i e l d  o f  Fe+ * i o n s  p ro d u o e d  by i r r a d i a t i o n  o f
t h e  F r i c k e  s o l u t i o n .  The v a lu e  o f  t h e  m o la r  e x t i n c t i o n  c o -
. _ o
e f f i c i e n t  w h ic h  was u s e d  f o r  Fe i o n s  a t  3050  A and a te m p e ra ­
t u r e  o f  23°C . was 2170  l i t e r  m o le“ *  cm"'1 . The r e s u l t s  o f  t h e  
d o se  r a t e  a t  v a r i o u s  p o s i t i o n s  i n  t h e  i r r a d i a t i o n  c a n  a r e  g i v e n  
i n  T a b le  1 .
T a b le  1
Dose R a te  a t  V a r io u s  I r r a d i a t i o n  P o s i t i o n s  
P o s i t i o n  No. Dose R a te  — e . v .  g n f^ m in T 1
1 8 .1 0 X 1 0 i e
2 8 .3 3 X 1 0 16
3 9 .9 1 X 1 0 l *
k 9-5U X 1 0 18
5 1 0 .8 X 1018
6 7 .7 2 X 1 0 * 8
7 9 .0 2 X 10* 8
8 8 . 21+ X 1 0 XS
2 .  T o t a l  E n e rg y  A b so rbed  by  G a se o u s  S y s tem
The c a l c u l a t e d  d o se  r a t e  f ro m  th e  F r i c k e  d o s i m e t e r
was u s e d  t o  c a l c u l a t e  t h e  e n e r g y  a b s o r b e d  by  ammonia and th e
m e t h y l a m ln e s .  D i f f e r e n c e s  m u s t  be  r e c o g n i z e d  b e tw e e n  t h e
g a s e o u s  and  l i q u i d  s y s te m s .  The e n e r g y  a b s o r b e d  by  t h e  F r i c k e
d o s i m e t e r  i s  a lm o s t  e n t i r e l y  due t o  d i s s i p a t i o n  f ro m  t h e
Compton i n t e r a c t i o n s  w i t h i n  t h e  s o l u t i o n  i t s e l f .  I n  th e  g a s e o u s
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s y s te m  t h e  e n e r g y  a b s o r b e d  r e s u l t s  f ro m  e l e c t r o n s  r e c o i l i n g  
i n t o  t h e  g a s  f ro m  t h e  c o n t a i n e r  w a l l s .  Compton I n t e r a c t i o n s
w i t h i n  t h e  g a s  become i m p o r t a n t  a s  th e  g a s  d e n s i t y  i n c r e a s e s .
22B u r to n  and co —w o r k e r s  a p p l i e d  a c o r r e c t i o n  f a c t o r
t o  t h e i r  w o rk .  T h is  was t h e  r a t i o  o f  G(H2 ) o b t a i n e d  fro m  
t r i t i u m  b e t a  i r r a d i a t i o n  o f  ammonia t o  t h e  ^ (H g) c a l c u l a t e d  
f ro m  a F r i c k e  d o s i m e t e r .  H ow ever, t h e  c o r r e c t i o n  f a c t o r  
c a n n o t  be a p p l i e d  t o  th e  p r e s e n t  w o rk  s i n c e  B u r t o n  and h i s  
c o - w o r k e r s 1 e x p e r i m e n t s  w ere  done i n  a s t e e l  a u t o c l a v e .
The e n e r g y  a b s o r b e d  by a medium i s  r e l a t e d  t o  th e  
s t o p p i n g  po w er o f  t h a t  m edium . The s t o p p i n g  pow er o f  th e  
medium i s  p r o p o r t i o n a l  t o  i t s  e l e c t r o n  d e n s i t y .  The e n e r g y  
a b s o r b e d  by t h e  g a s e s  was c a l c u l a t e d  a s  f o l l o w s :
E n e rg y  A b s o r b e d ( T o ta l  D o se )  i n  e . v .  = Dose R a te  f ro m  F r i c k e
d o s i m e t e r  e . v .  g n ^ 1 minT1 x  t im e  i n  m in u t e s  x  gms o f  sam p le  x
e l e c t r o n  d e n s i t y  o f  g a s  
e l e c t r o n  d e n s i t y  o f  HgO
To u s e  t h i s  r a t i o  o f  th e  e l e c t r o n  d e n s i t i e s ,  t h e  
d o s i m e t e r  s o l u t i o n  and t h e  g a s  sam p le  m u s t  h ave  t h e  sam e, o r  
n e a r l y  t h e  sam e, s t o p p i n g  p o w e r .  I t  i s  r e a l i z e d  t h a t  u n l e s s  
t h i s  i s  s o ,  t h e  t o t a l  d o se  v a lu e s  c a l c u l a t e d  a r e  i n  e r r o r .  
H ow ever, t h i s  c a n  be c o r r e c t e d  once  a c o r r e c t i o n  f a c t o r  a s  
u se d  by B u r t o n  c a n  be d e t e r m i n e d .  The e l e c t r o n  d e n s i t y  r a t i o s  
u se d  a r e  l i s t e d  i n  T a b le  2 .
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T a b le  2
E l e c t r o n  D e n s i t y  o f  th e  Am ines and t h e  E l e c t r o n  D e n s i t y  R a t i o
E l e c t r o n  d e n s i t y  
 Gas_________e l e c t r o n s  gar** E l e c t r o n  P e n a l t y  R a t i o
NH3 3.5k x  1088 1 .0 6
,B9CH3 NH2 3.1*8 x  1 0 * °  l .ok
(CH3 ) 2 NH 3.1*8 x  1088  l.O l*
(CH3 ) 3N 3.1*7 x  1 0 88 1;0l|>
3 .  C a l c u l a t i o n  o f  G—v a lu e
G v a l u e  I s  a m eans o f  e x p r e s s i n g  t h e  y i e l d  o r  coi>- 
s u m p t io n  o f  a g i v e n  s p e c i e  p e r  100 e . v .  e n e r g y  a b s o r b e d  by 
th e  s y s te m .  F o r  e x a m p le , t h e  f o r m a t i o n  o f  h y d r o g e n ,  e x p r e s s e d  
a s  G fH g), p ro d u c e d  f ro m  t h e  r a d i o l y s i s  o f  ammonia i s
Mrj x  6 .0 2  x  1088 
G(H2 ) =  .H* n
X t X MXTtJ X MWWLr MHe NHe Hn8
Mga = m o le s  o f  h y d r o g e n  p ro d u c e d
®NH8 “  doSQ ^  100 e . v .  p e r  gm o f  ammonia p e r  m in u te
t  «  t im e  o f  i r r a d i a t i o n  i n  m in u t e s
M>tct = t o t a l  m o le s  o f  ammonia i n  t h e  I r r a d i a t i o n  tu b eN n 3
MWjjga = m o l e c u l a r  w e i g h t  o f  ammonia
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1+. P r e p a r a t i o n  o f  Columns
a .  P r e t r e a t m e n t  o f  f i r e b r i c k  0 -2 2
F i r e b r i c k  C—2 2 ,  lf.0—60 o r  60—80 mesh, s i z e ,  w as o b t a i n e d  
by  g r i n d i n g  b r i c k s  down i n  a b a l l  m i l l  and  s i e v i n g  t o  p r o p e r
m esh s i z e .  The f i r e b r i c k  w as t h e n  w ash ed  t o  rem ove d u s t  and
pc
d r i e d .  The p r o c e d u r e  u s e d  by  Jam es w as t h e n  f o l lo w e d  ex ­
c e p t  f o r  t h e  t r e a t m e n t  w i t h  b a s e .  The f i r e b r i c k  w as t r e a t e d  
w i t h  a 10#  r a e th a n o l io  s o l u t i o n  o f  sod ium  h y d r o x i d e .  The 
m e th a n o l  was d e c a n te d  o f f  t h e  f i r e b r i c k  and t h e  e x c e s s  a l lo w e d  
t o  e v a p o r a t e  o f f ,  l e a v i n g  a c r u s t  o f  sod ium  h y d r o x i d e .  The 
c r u s t  was rem oved and t h e  f i r e b r i c k  d r i e d  a t  1 0 0 °C . A s t u d y  
o f  t a i l i n g  and  p e a k  h e i g h t  ( s e n s i t i v i t y )  showed t h a t  b e t t e r  
co lu m n  p r o p e r t i e s  w e re  o b t a i n e d  w i t h  t h e  h i g h e r  c o n c e n t r a t i o n  
o f  b a s e .
b .  O - t o l u i d i n e  Column1
The r e q u i r e d  am ount o f  o—t o l u l d i n e  w as a d d ed  t o  t h e  p r e — 
t r e a t e d  f i r e b r i c k  and t h e  m ix t u r e  w as hand  m ixed  by  f o l d i n g ,  
c u t t i n g  and  s t i r r i n g  t o  e v e n  c o n s i s t e n c y .
c .  C e t y l  a l c o h o l  Column
The r e q u i r e d  am ount o f  c e t y l  a l c o h o l  w as a d d ed  t o  t h e  
p r e t r e a t e d  f i r e b r i c k ,  c o n t a i n e d  i n  a b e a k e r  w h ic h  was s u s ­
p e n d ed  i n  a 7 0 ° C. w a t e r  b a t h .  The m i x t u r e  was t h o r o u g h l y  
hand  m ixed  and t h e n  a l lo w e d  t o  c o o l .
d .  D ie th a n o la m in e —l a u r y l  a l c o h o l —sod ium  i o d i d e  
Column^?
D i e th a n o la m in e ,  l a u r y l  a l o o h o l  and  sod ium  i o d i d e  w ere  
m ixed  t o g e t h e r  i n  t h e  f o l l o w i n g  p r o p o r t i o n s  by w e i g h t :
D i e t h a n o l  am ine  72%
L a u r y l  a l o o h o l  l8$6
Sodium  i o d i d e  10$
S l i g h t  h e a t i n g  o f  t h e  m ix t u r e  f a c i l i t a t e d  d i s s o l v i n g  
t h e  sod ium  i o d i d e .  On c o o l i n g ,  tw o p h a s e s  r e s u l t e d .  B e f o r e  
u s e ,  t h i s  m i x t u r e  was w e l l  s h a k e n .  The p r o p e r  am ount was 
a dd ed  t o  F l u o r o p a k  80 , u s e d  a s  a s u p p o r t  I n s t e a d  o f  f i r e b r i c k .
e .  M o l e c u l a r  S i e v e  13X Column
B e f o r e  u s e ,  m o l e c u l a r  s i e v e  13X was h e a t e d  a t  3 0 0 ° C. f o r  
15 h o u r s  and  c o o le d  i n  a d i s s i c a t o r  b e f o r e  p a c k i n g  i n t o  t h e  
co lu m n .
f .  S i l i c a  G e l
S i l i c a  g e l  w as u s e d  a s  r e c e i v e d .  A 10-cm . l e n g t h  o f  
d r l e r i t e  w as p l a c e d  b e f o r e  t h e  s i l i c a  g e l  i n  t h e  co lu m n .
A l l  c o lu m n s  w ere  pao k ed  i n  6 mm O.D. p y r e x  g l a s s  
t u b i n g .  A l l  c o lu m n s  w ere  c o n d i t i o n e d  i n  t h e  g a s  c h r o m a to ­
g r a p h  a t  l e a s t  16 h o u r s  a t  o p e r a t i n g  c o n d i t i o n s  p r i o r  t o  u s e .  
T a b le  3 l i s t s  t h e  co lu m n  c o n d i t i o n s  and u s e .  - H e liu m  was t h e  
c a r r i e r  g a s  u s e d  t h r o u g h o u t  w o rk .
5 .  P r o c e d u r e  f o r  P r e p a r a t i o n  o f  S am p les
a .  Ammonia and M e th y la m ln e s
The i r r a d i a t i o n  tu b e  was a t t a c h e d  t h r o u g h  t h e  1 0 /3 0  
s t a n d a r d  t a p e r e d  j o i n t  t o  t h e  vacuum m a n i f o l d ,  t h e  vacuum 
l i n e  e v a c u a t e d  and t h e  l i n e  f l a m e d  g e n t l y .  The s t o p c o c k  t o  
th e  pumps was c l o s e d ,  th e  McLeod g au g e  r e a d  and t h e n  i t s  
s t o p c o c k  c l o s e d .  The s t o r a g e  b u l b  was o p e n ed  and  t h e  g a s  
a l lo w e d  t o  ex p an d  t o  a d e s i r e d  p r e s s u r e .  A l l  s t o p o o c k s  w ere
Table 3
C h ro m a to g rap h lc  Colum ns, C o n d i t i o n s  and Use
Column
Temp. 
+ 1° C .
L e n g th
f e e t
Flow R ate  
He 
m l/m in S e p a r a t i o n
1 . S i l i c a  G el 26 5 .3 kS h y d ro g e n ,  m e th an e ,  
e th a n e
2 .  M o le c u la r  S ie v e  13X 25 6 .7 50 h y d ro g e n ,  oxygen , 
n i t r o g e n ,  m ethane
0—t o l u i d i n e ,  30# 
by  w e ig h t  s u p p o r te d  
on f i r e b r i c k
(s lo w  e l u t i o n  o f  s u b s t r a t e )
22 6 .2 5 32 ammonia, m e th y la m ln e ,  
d im e th y la m in e ,  e th y l -  
aroine
C e ty l  a l c o h o l ,  2 3 .6 #  
by  w e ig h t  s u p p o r te d  on 
f i r e b r i c k
56 l l . i l - 32 ammonia, m e th y la m in e ,  
t r im e t h y l a m i n e ,  d i — 
m e th y la m in e ,  e t h y l — 
am in e , m e th y l  h y d ra ­
z i n e ,  d i m e t h y le th y 1— 
amine
Table 3 confc.
Temp. L e n g th  
Column +1°C. f e e t
D ie th a n o la m ln e ,  l a u r y l  35 1 1 .7
a l c o h o l ,  a odium i o d i d e  $%, 
by w e ig h t  s u p p o r te d  on 
F lu o r o p a k  80
Flow R ate  
He
m l/m in  S e p a r a t i o n
38 t r im e t h y l a m i n e ,
d i ra e th y la m in e ,  
amine
ammonia
m e th y l—
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c l o s e d  e x c e p t  th e  one t o  t h e  g a s  b u r e t t e .  The m o le s  o f  g a s*
w ere  d e te r m in e d  f ro m  m e a s u re d  p r e s s u r e ,  known volum e and 
t e m p e r a t u r e .  The g a s  was t h e n  t r a n s f e r r e d  t o  th e  i r r a d i a ­
t i o n  tu b e  by  f r e e z i n g  i t  i n t o  t h e  tu b e  w i t h  l i q u i d  n i t r o g e n .  
The McLeod gau ge  was c h e c k e d  t o  s e e  t h a t  t h e  m a n i f o ld  p r e s s u r e  
r e t u r n e d  t o  i t s  o r i g i n a l  r e a d i n g  b e f o r e  t h e  s t o p c o c k  t o  th e  
i r r a d i a t i o n  tu b e  was c l o s e d .  The c a p i l l a r y  was s e a l e d  and t h e  
t u b e  rem o v e d . Q u a n t i t a t i v e  t r a n s f e r ,  b e t t e r  t h a n  99$ , was 
a c h i e v e d  t h i s  way.
6 .  G a se s  p l u s  S c a v a n g e r s
a .  H elium
The ammonia o r  m e th y la m in e s  w ere  t r a n s f e r r e d  t o  th e  
i r r a d i a t i o n  tu b e  and h e l d  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e  and 
t h e  s t o p c o c k  t o  t h e  tu b e  c l o s e d .
A h e l iu m  t a n k  was c o n n e c te d  t o  th e  m a n i f o ld  t h r o u g h  
h e a v y ,  w a l l e d  r u b b e r  t u b i n g .  The s e r r a t e d  o u t l e t  n o z z l e  on 
t h e  t a n k  was r e p l a c e d  w i t h  a l a r g e  d i a m e t e r  sm o o th  n o z z l e  
w h ic h  p r o v i d e d  a t i g h t e r  s e a l .  The c o n n e c t i o n  was e v a c u a t e d  
and t h e  e n t i r e  sy s te m  f l u s h e d  w i t h  h e l iu m  s e v e r a l  t i m e s .  A 
s i n g l e  t u b e  m e rc u ry  m an o m ete r ,  a t t a o h e d  t o  t h e  vacuum m an i­
f o l d ,  s e r v e d  a s  a s a f e t y  o u t l e t .  A f t e r  t h e  s t o p c o c k  t o  t h e  
pumps was c l o s e d ,  th e  m a n i f o ld  was f i l l e d  t o  a c e r t a i n  
p r e s s u r e ,  and  t h e  g a s  b u r e t t e  o p e n e d .  From th e  a p p r o x im a te  
volum e o f  t h e  t u b e ,  t h e  f i n a l  ammonia o r  am ine p r e s s u r e  c o u ld  
be e s t i m a t e d .  The am ount o f  s c a v e n g e r  u se d  was b e tw e e n  1 and 
2 m ole  p e r c e n t .  H e liu m  was rem oved  u n t i l  t h i s  am ount was i n ­
d i c a t e d  by p r e s s u r e .  The vacuum pumps w ere  c l o s e d  and t h e
26
s t o p c o c k  t o  t h e  i r r a d i a t i o n  tu b e  o p e n e d .  The s y s te m  was 
a l l o w e d  t o  come t o  t h e r m a l  e q u i l i b r i u m ,  t h e  p r e s s u r e  o f  
h e l iu m  n o t e d ,  t h e  s t o p c o c k  t o  th e  i r r a d i a t i o n  t u b e  c l o s e d  and 
th e  tu b e  s e a l e d  and rem o v e d .
b .  A rgon
A rgon  was i n t r o d u c e d  i n t o  a s m a l l  s t o r a g e  b u lb  i n  a 
s i m i l a r  m an n er  a s  h e l i u m .  M e a su re m e n ts  w e re  made i n  t h e  same 
way a s  w i t h  h e l iu m  e x c e p t  t h a t  t h e  a r g o n  was e x p an d e d  fro m  
th e  b u lb  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e .
c . Iod  in e
I o d i n e  w as r e s u b l im e d  f ro m  a m i x t u r e  w i t h  p o t a s s i u m  
i o d i d e .  A f t e r  d e g a s s i n g  t h e  i o d i n e  was i n t r o d u c e d  i n t o  t h e  
i r r a d i a t i o n  t u b e .  The i o d i n e  tu b e  was im m ersed  i n t o  a b a t h  
a t  20n C. A t t h i s  t e m p e r a t u r e  i o d i n e  h a s  a v a p o r  p r e s s u r e  o f  
0 . 2  mm. A f t e r  i n t r o d u c t i o n  o f  t h e  i o d i n e  i n t o  t h e  i r r a d i a ­
t i o n  tu b e  t h e  s t o p c o c k  was c l o s e d  and t h e  i o d i n e  was k e p t  a t  
l i q u i d  n i t r o g e n  t e m p e r a t u r e  w h i l e  t h e  am ine  was m e a s u re d .
The am ine  was t h e n  f r o z e n  I n t o  t h e  i r r a d i a t i o n  t u b e .
d .  N i t r i c  Oxide
N i t r i c  o x id e  was d i s t i l l e d  i n t o  t h e  g a s  b u r e t t e  f ro m  
a n  i s o —p e n ta n e  l i q u i d  n i t r o g e n  s l u s h  b a t h  (—1 6 0 ° C . ) .  A f t e r  
a t t a i n i n g  t h e r m a l  e q u i l i b r i u m ,  t h e  n i t r i c  o x id e  was m e a su re d  
and t h e n  t r a n s f e r r e d  i n t o  t h e  I r r a d i a t i o n  t u b e .  The am ine 
f o l l o w e d  and t h e n  t h e  tu b e  was s e a l e d .
7 .  A n a l y s i s  o f  I r r a d i a t e d  S am p les  f o r  H y d ro c a rb o n s
The i r r a d i a t i o n  s a m p le s  w e re  p l a c e d  i n  t h e  t o e p l e r  
pump t h r o u g h  t h e  1 9 /3 8  s t a n d a r d  t a p e r e d  j o i n t ,  and t h e  t o e p l e r
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pump e v a c u a t e d .  A f t e r  e v a c u a t i o n ,  th e  s t o p c o c k  b e tw e e n  t h e  
sam p le  and  th e  2 5 0 -a i l .  b u lb  o f  t h e  t o e p l e r  pump was c l o s e d .
A n a i l  e n c l o s e d  i n  g l a s s  was d ro p p e d  t o  b r e a k  t h e  b r e a k  s e a l  
on t h e  t u b e .  The ammonia o r  am ine was f r o z e n  o u t  a t  —160°C . 
A f t e r  th e  g a s  was f r o z e n  o u t ,  t h e  s t o p c o c k  t o  t h e  2 £ 0 - m l .  b u lb  
o p e n e d .  The n o n - c o n d e n s a b l e  g a s e s  w e re  a l lo w e d  t o  ex p an d  I n t o  
t h i s  c h a m b e r .  The s t o p c o c k  w as c l o s e d  and t h e  n o n - c o n d e n s a b le  
g a s e s  t o e p l e r e d  i n t o  t h e  c a l i b r a t e d  v o lu m e . I n  t h e  m ean tim e  
t h e  ammonia o r  am ine  was thaw ed  o u t ,  t h e n  r e f r o z e n ,  th e  m e r­
c u r y  lo w e re d  and t h e  same p r o c e d u r e  f o l lo w e d  a g a i n .  T h ree  
t o e p l e r i z a t i o n s  w ere  u s u a l l y  s u f f i c i e n t  t o  g i v e  a c o n s t a n t  
p r e s s u r e  i n  th e  c a l i b r a t e d  v o lum e . The n o n - c o n d e n s a b l e  g a s e s  
w e re  t h e n  t r a n s f e r r e d  t o  t h e  g a s  sam p le  h o l d e r ,  p r e v i o u s l y  
a t t a c h e d  t h r o u g h  t h e  1 0 /3 0  s t a n d a r d  t a p e r e d  j o i n t  and  a n  
a d a p t e r  t o  t h e  t o e p l e r  pump. The d e t e r m i n a t i o n  o f  t h e  g a s e s  
was done on t h e  s i l i c a  g e l  c o lu m n .
The ammonia o r  am ine  was t r a n s f e r r e d  t o  a n o t h e r  b r e a k  
s e a l  t u b e ,  s e a l e d  and s t o r e d  f o r  f u r t h e r  a n a l y s i s .
To c h e c k  t h e  ab o v e  p r o c e d u r e ,  a known am oun t o f  e th a n e  
was t r a n s f e r r e d  i n t o  a n  i r r a d i a t i o n  tu b e  and s e a l e d .  The 
e th a n e  was c a r r i e d  t h r o u g h  t h e  abov e  p r o c e d u r e  and  a n a l y z e d  
on t h e  g a s  c h r o m a to g r a p h .  The sam p le  w as c h e c k e d  a g a i n s t  a 
p r e v i o u s l y  p r e p a r e d  c a l i b r a t i o n  c u r v e  f o r  e t h a n e  w h ic h  showed 
t h a t  96#  o f  t h e  sa m p le  was r e c o v e r e d .
8 .  A n a l y s i s  f o r  N i t r o g e n
The s a m p le s  w ere  t r e a t e d  i n  a s i m i l a r  m a n n e r  a s  
d e s c r i b e d  above  e x c e p t  t h e  ammonia o r  am ine w as f r o z e n  o u t
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a t  - 1 9 5 ° C. A q u a l i t a t i v e  d e t e r m i n a t i o n  o f  t h e  p r e s e n c e  o f  
n i t r o g e n  w as a c c o m p l i s h e d  w i t h  t h e  a m in e s .  The g a s  sam p le  
h o l d e r  was r e p l a c e d  w i t h  a s m a l l  b u l b  ( s e e  F i g u r e  l i e )  b lo w n  
f ro m  2 mm. c a p i l l a r y  p y r e x  g l a s s  and  a t t a c h e d  t o  t h e  t o e p l e r  
pump t h r o u g h  t h e  1 0 /3 0  s t a n d a r d  t a p e r e d  j o i n t .  A f t e r  t r a n s ­
f e r ,  t h e  c a p i l l a r y  was s e a l e d ,  t h e  b u lb  w as t h e n  b r o k e n  i n  
t h e  h e l iu m  s t r e a m  o f  t h e  g a s  c h ro m a to g r a p h ,  u s i n g  t h e  g a s  
sa m p le  h o l d e r  i n  F i g u r e  I l l b .  A n a l y s i s  f o r  n i t r o g e n  was done 
on  m o l e c u l a r  s i e v e  13X.
F o r  ammonia r a d i o l y s i s  b o t h  h y d r o g e n  and n i t r o g e n  
c o u ld  be  a n a ly z e d  on  th e  same c o lu m n .
9 .  A n a l y s i s  o f  Amines i n  I r r a d i a t e d  O a se s
A f t e r  th e  n o n - c o n d e n s a b le  g a s e s  w ere  a n a l y z e d ,  t h e  
c o l l e c t e d  am ine sa m p le  was p l a c e d  i n  a tu b e  by  way o f  a 1 9 /3 8  
s t a n d a r d  t a p e r e d  j o i n t  and a t t a c h e d  t o  th e  vacuum m a n i f o l d .  
A f t e r  e v a c u a t i o n ,  t h e  s t o p c o c k  t o  t h e  tu b e  w as c l o s e d  and th e  
b r e a k  s e a l  on  t h e  sam p le  tu b e  b r o k e n .  A sam p le  was t r a n s ­
f e r r e d  t o  th e  g a s  b u r e t t e ,  m e a s u r e d ,  t h e n  t r a n s f e r r e d  t o  t h e  
g a s  sa m p le  h o l d e r  w i t h  a l i q u i d  n i t r o g e n  b a t h .  The g a s  sam p le  
h o l d e r  was c l o s e d ,  t h e  g a s  a l lo w e d  t o  warm and t h e n  a n a l y z e d  
by  g a s  c h ro m a to g r a p h y  on t h e  d i e t h a n o l a m i n e  c o lu m n .
1 0 .  C a l i b r a t i o n  o f  H y d ro g en  and M ethane
The s i l i c a  g e l  co lu m n  was c a l i b r a t e d  w i t h  known 
m i x t u r e s  o f  h y d r o g e n  and  h e l iu m  and  m e th a n e  and h e l i u m .
T hese  m i x t u r e s  w ere  p r e p a r e d  i n  one l i t e r  b u l b s  
e q u ip e d  w i t h  a s t o p c o o k .  The b u lb  w as f i l l e d  t o  a known 
p r e s s u r e  w i t h  m e th an e  o r  h y d r o g e n .  T hen  h e l iu m  w as q u i c k l y
29
i n t r o d u c e d  u n t i l  t h e  f i n a l  p r e s s u r e  i n  t h e  b u l b  was one a t ­
m o s p h e r e .  The s t o p c o c k  was c l o s e d  and t h e  g a s e s  a l l o w e d  t o  
m ix  f o r  21j. h o u r s  o r  m ixed by  u s e  o f  d r y  i c e ,  w h ic h  s e t s  up 
c o n v e c t i o n  c u r r e n t s  i n  t h e  b u l b .
A f t e r  m ix in g ,  a sep tu m  c a p  was p l a c e d  o v e r  t h e  8 mm. 
O.D. arm fro m  t h e  b u lb  s t o p c o c k .  S am ples  o f  known vo lum e o f  
t h e  m ix t u r e  w ere  I n j e c t e d  i n t o  t h e  g a s  c h r o m a to g r a p h  u s i n g  a 
100 m i c r o l i t e r  and a 2500  m i o r o l i t e r  H a m i l to n  g a s  s y r i n g e .  
S e v e r a l  s e p a r a t e  i n j e c t i o n s  o f  known volum e w ere  m ade . P e a k  
h e i g h t  was u se d  a s  a m e a su re  o f  t h e  q u a n t i t y  o f  g a s .  P e a k  
h e i g h t s  w ere  r e p r o d u c i b l e  t o  w i t h i n  E ac h  a t t e n u a t i o n
u se d  f o r  a n a l y s i s  was c a l i b r a t e d .  A l l  c a l i b r a t i o n  c u r v e s *  
p e a k  h e i g h t  v e r s u s  m i c r o l i t e r s  o f  g a s  i n j e c t e d ,  w e re  l i n e a r  
f o r  b o t h  h y d ro g e n  and  m e th a n e .  The c a l i b r a t i o n  c u r v e s  d id  
n o t  p a s s  t h r o u g h  t h e  o r i g i n .  T h is  was n o t  due t o  t h e  above  
m e th o d ,  b u t  t h e  l i m i t a t i o n  o f  th e  r e c o r d i n g  s y s te m .
S in c e  t h e  m ethod  o f  c a l i b r a t i o n  d i f f e r e d  f ro m  t h e  
m ethod  o f  i n t r o d u c t i o n  o f  th e  s a m p le s  f o r  a n a l y s i s ,  a c h e c k  
b e tw e e n  th e  two m e th o d s  was made w i t h  e t h a n e .  A m ix tu r e  o f  
e t h a n e  was p r e p a r e d  w i t h  a i r  i n  a s i m i l a r  m anner  a s  a b o v e .  
M ethane—a i r  and  me th a n e —h e l iu m  m ix t u r e  g av e  t h e  same r e s u l t s .  
A c a l i b r a t i o n  c u r v e  was p r e p a r e d  u s i n g  t h e  i n j e c t i o n  m e th o d .  
The o t h e r  m ethod was t h e  c a l i b r a t i o n  o f  e t h a n e  by  m ea su re m e n t
*
See r e s e a r c h  n o te b o o k  f o r  d a t a  and c u r v e s , p p .  lij.9—158
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o f  t h e  e t h a n e  i n  t h e  g a s  b u r e t t e  and q u a n t i t a t i v e  t r a n s f e r  
t o  t h e  g a s  sa m p le  h o l d e r .  I n t r o d u c t i o n  i n t o  t h e  g a s  chroma-* 
t o g r a p h  was i n  t h e  same m a n n e r  a s  t h e  p r o d u c t s  f ro m  t h e  r a d i — 
o l y s i s .
B o th  m e th o d s  g a v e  l i n e a r  c a l i b r a t i o n  c u r v e s , *  n o t
•~e
p a s s i n g  t h r o u g h  th e  o r i g i n  b u t  a t  3 x  10 m o le s .  The s l o p e s  
v a r i e d  s l i g h t l y .  The r a t i o  b e tw e e n  t h e  s l o p e s  w as 1 . 0 2 .
1 1 .  C a l i b r a t i o n  o f  Ammonia and  A m ines
C a l i b r a t i o n  o f  Ammonia o n  th e  d l e t h a n o l a m i n e  c o lu m n , 
was done  w i t h  m i x t u r e s  o f  ammonia and  m e th y la m in e .  S in c e  
t h e  a n a l y s i s  f o r  ammonia a s  a r a d i o l y s i s  p r o d u c t  was done  
w i t h  t h e  l a r g e  p e r c e n t a g e  o f  t h e  sa m p le  b e i n g  m e th y la m in e ,  
c a l i b r a t i o n  h a d  t o  be done  w i t h  s u c h  a m i x t u r e .  Use o f  aro-* 
m on ia  a l o n e  w as e r r o n e o u s .
The d l e t h a n o l a m l n e  c o lu m n  a l o n g  w i t h  t h e  o—t o l u i d i n e  
and c e t y l  a l c o h o l  s u f f e r e d  f ro m  "memory" e f f e c t s .  P r e v i o u s  
t o  c a l i b r a t i o n  o r  a n a l y s i s  t h e  c o lu m n s  w e re  f l u s h e d  w i t h  t h e  
p r o p e r  a m in e .  F o r  e x a m p le ,  t o  a n a l y z e  f o r  ammonia fo rm ed  i n  
t h e  r a d i o l y s i s  o f  m e th y la m in e ,  t h e  co lu m n  was f l u s h e d  w i t h  
m e th y la m in e  t o  e l u t e  a l l  p r e v i o u s  a m in e s  on  t h e  c o lu m n . I f  
t h i s  w as n o t  d o n e ,  i t  l e d  t o  f a l s e  p r o d u c t  a s s i g n m e n t s .
M ix tu r e s  o f  ammonia and  m e th y la m in e  w e re  made f ro m  
m e a s u re d  a m o u n ts  o f  t h e  tw o g a s e s  f r o z e n  t o g e t h e r  i n  t h e  g a s  
s a m p le  h o l d e r  u s i n g  a l i q u i d  n i t r o g e n  b a t h .  The g a s e s  w ere
*
See r e s e a r c h  n o t e b o o k  f o r  c u r v e s ,  p .  185
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a l lo w e d  t o  warm t o  room t e m p e r a t u r e  b e f o r e  t h e y  w ere  f l u s h e d  
i n t o  t h e  h e l i u m  s t r e a m  and  a n a l y z e d  on t h e  g a s  c h r o m a to g r a p h .
A rea  u n d e r  t h e  p e a k  w as d e te r m in e d  w i t h  a p l a n l m e t e r .  
The a v e r a g e  o f  f i v e  a r e a  d e t e r m i n a t i o n s  was t a k e n .  A re a s  
w ere  r e p r o d u c i b l e  t o  w i t h i n  10 p e r c e n t .  P e a k  a r e a  v e r s u s  mole 
f r a c t i o n  o f  ammonia was p l o t t e d .  F i g u r e  IV shows t h e  c a l i ­
b r a t i o n  c u r v e  f o r  am m onia.
D lm e th y la m ln e  w as c a l i b r a t e d  f ro m  m i x t u r e s  o f  d i — 
m e th y la m in e  and m e th y la m in e .  F i g u r e  V show s c a l i b r a t i o n  c u r v e ,  
p e a k  h e i g h t  v e r s u s  m ole  f r a c t i o n .  D lm e th y la m ln e  was a n  im­
p u r i t y  i n  t h e  m e th y la m in e  and t h e r e f o r e  t h e  c a l i b r a t i o n  c u r v e  
d o e s  n o t  p a s s  t h r o u g h  t h e  o r i g i n .  The d i f f e r e n c e  i n  t h e  p e a k  
h e i g h t s  was u se d  t o  c a l c u l a t e  t h e  am ount o f  d lm e th y la m ln e  
fo rm ed  i n  t h e  r a d i o l y s i s  o f  m e th y la m in e .
M ix t u r e s  o f  t r l m e t h y l a m i n e  and d lm e th y la m ln e  w ere  
made t o  c a l i b r a t e  th e  f o r m a t i o n  o f  t r l m e t h y l a m i n e  f ro m  t h e  
r a d i o l y s i s  o f  d lm e th y la m ln e .  P e a k  a r e a  v e r s u s  m ole  f r a c t i o n  
o f  t r l m e t h y l a m i n e  i s  shown i n  F i g u r e  V I .
*
The a u t h o r  w i s h e s  t o  t h a n k  t h e  C i v i l  E n g i n e e r i n g  D e p a r tm e n t  
f o r  t h e  l o a n  o f  t h e  p l a n l m e t e r  and h i s  w i f e  f o r  d e t e r m i n a t i o n s  




















C a l i b r a t i o n  C urve  f o r  Ammonia P r e s e n t  I n  
M e th y la m in e
































C a l i b r a t i o n  C urve  f o r  D im e th y la m in e  P r e s e n t  
i n  M e th y lam in e
D i e th a n o la m in e —L a u r y l  A lc o h o l—Sodium I o d id e
Column 3 5 ° C
300
2 8 0 -
2 6 0 -
220 -
2 0 0 -
1 8 0 .
160  -
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C a l i b r a t i o n  C urva  f o r  T r im a th y la m in a  P r a s a n t
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MOLE FRACTION OF TRIMETHYLAMINE x  10*
RESULTS AND DISCUSSION
The p r i m a r y  p u r p o s e  o f  t h i s  w o rk  was t o  i d e n t i f y  t h e  
p r o d u o t s  o f  t h e  r a d i o l y s i s  o f  ammonia and t h e  r o e t h y l a m i n e s .
By u s i n g  g a s  c h ro m a to g r a p h y  a s  t h e  a n a l y t i c a l  t o o l ,  
some p r o d u c t s  may h a v e  e s c a p e d  d e t e c t i o n .  The i d e n t i f i c a t i o n  
o f  a p r o d u c t  was c h e c k e d  a g a i n s t  a known and  w h e re  p o s s i b l e ,  
c o n f i rm e d  on a se c o n d  c o lu m n . F o r  e x a m p le ;  ammonia was 
i d e n t i f i e d  a s  a p r o d u c t  f ro m  t h e  r a d i o l y s i s  o f  m e th y la m in e  
on t h e  d i e t h a n o l a m i n e —l a u r y l  a l c o h o l —sod ium  i o d i d e  co lum n  
and c o n f i r m e d  on t h e  o—t o l u i d i n e  c o lu m n .
The q u a n t i t a t i v e  d e t e r m i n a t i o n s  f o r  h y d r o g e n  and 
m e th a n e  a r e  w i t h i n  10 p e r  c e n t .  The e r r o r  i n  t h e  d e t e r m i ­
n a t i o n s  o f  ammonia and  d im e th y la m in e  may be  h i g h e r  b e c a u s e  
o f  d i f f i c u l t i e s  w i t h  t h e  c o lu m n s .
An end  p r o d u c t  may be  fo rm ed  b y  many p a t h s .  Some 
a r e  more i m p o r t a n t  t h a n  o t h e r s .  I t  i s  d i f f i c u l t  t o  d i s ­
t i n g u i s h  d i f f e r e n t  r a t e s  w i t h  t h e  p r e s e n t  i n f o r m a t i o n .  How­
e v e r ,  m ech an ism s  h a v e  b e e n  p o s t u l a t e d  t o  show p o s s i b l e  p a t h s  
t o  end  p r o d u c t s .
The o c c u r r e n c e  o f  i o n - m o l e c u l e  r e a c t i o n s  i n  t h e  m ass
s p e c t r o m e t e r  and  t h e  a c c o u n t i n g  o f  p r o d u c t  y i e l d s ,  u s i n g
28
t h e s e  d a t a ,  h a s  m et w i t h  much s u c c e s s .  F u t r e l l  , i n  a n  i n ­
v e s t i g a t i o n  o f  t h e  r a d i o l y s i s  o f  n—h e x a n e  and  n—p e n t a n e ,  h a s  
shown t h a t  t h e  y i e l d s  and  n a t u r e  o f  t h e  o b s e r v e d  p r o d u c t s  c a n  
be p r e d i c t e d  w i t h  a c c u r a c y .  Mass s p e c t r o r a e t r i e  d a t a  on t h e
36
m e th y la m in e s  h a s  b o o n  i n c l u d e d  f o r  p o s s i b l e  f u t u r e  u s e .
A. Gamma R a d i o l y s i s  o f  Ammonia
N i t r o g e n  and h y d r o g e n  w ere  th e  o n ly  p r o d u c t s  d e t e c t e d  
f o l l o w i n g  t h e  r a d i o l y s i s  o f  am m onia . H y d ra z in e  was a s u s ­
p e c t e d  p r o d u c t ,  b u t  p r e v i o u s  r a d l o l y t l c  and  p h o t o l y t i c  s t u d i e s  
h av e  shown t h a t  i t  i s  n o t  p ro d u o e d  i n  a s t a t i c  s y s te m ,  and  i t  
was n o t  fo u n d  i n  t h i s  w o rk .
The h y d ro g e n  y i e l d  d e t e r m i n e d ,  u s i n g  t h e  s i l i c a  g e l  
co lu m n , i s  p l o t t e d  i n  F i g u r e  V I I .  H y d ro g e n  p r o d u c t i o n  i n ­
c r e a s e s  w i t h  i r r a d i a t i o n  t i m e .  The i n i t i a l  G v a l u e ,  
d e te r m in e d  f ro m  t h e  i n i t i a l  s l o p e  o f  t h e  p l o t t e d  c u r v e ,  was 1 0 .
T a b le  li p r e s e n t s  t h e  Gr. v a l u e  f o r  e a c h  i r r a d i a t e dn a
s a m p le .  R e p r o d u c i b i l i t y  o f  t h e  d a t a  i s  i n d i c a t e d  b y  s a m p le s  
65 and 6 6 ,  66 and 6 9 .  The r e s u l t s  a g r e e  w i t h i n  10%. The 
d i f f e r e n c e s  c a n  be a t t r i b u t e d  t o  v a r i a t i o n  i n  t h e  d o s e  r e c e i v e d  
by  t h e  s a m p le s  due t o  t h e i r  r e l a t i v e  p o s i t i o n  i n  t h e  i r r a d i a ­
t i o n .
The G v a l u e  i s  i n  good a g re e m e n t  w i t h  t h a t  r e p o r t e d
22by  T o i ,  P e t e r s o n  and  B u r t o n .  A v a l u e  o f  9 . 8  f o r  Gjja was 
d b t a i n e d  a t  a s i m i l a r  d e n s i t y .  T h is  v a l u e  was d e t e r m i n e d  b y  
u s e  o f  t h e  F r i c k e  d o s i m e t e r  f o r  c a l i b r a t i o n  and i s  t h e  u n ­
c o r r e c t e d  v a l u e .  As p r e v i o u s l y  s t a t e d  i n  t h e  e x p e r i m e n t a l  
s e c t i o n ,  t h e  a b s o l u t e  G v a l u e s  may be  i n  e r r o r ,  s i n o e  a l i q u i d  
d o s i m e t e r  was u s e d  and  t h e  r e s u l t s  a p p l i e d  t o  a g a s e o u s  s y s t e m .
The I r r a d i a t i o n s  o f  T o i ,  P e t e r s o n  and B u r t o n  w e re  done 
a t  1 3 7 °C . The e x p e r i m e n t s  r e p o r t e d  h e r e  w e re  done a t  a m b ie n t
TABLE if 
R a d i o l y s i s  o f  Ammonia
M o le c u le s
Sample
No.
P o s i t i o n
i n
S o u rce
I r r a d i a t i o n
Time
(m in u te s )
T o ta l  
Dose 
ev x  10*”18
I n i t i a l  
M oles o f  
KS? x  10+4
Mole %
Added
I n e r t
o f
<L> Formed
A  i o " 1 * 0 V alue
2if k 5 lif5 1 .8 2 2 .0 5 ----- 1 1 .5 6 .3 3
63 1 13625 5 .1 1 2 .5 7 ------- 4 3 - 4 8 .5 0
65 8 5809 2 .2 2 2 .5 7 ------- 2 1 .7 9 .7 8
66 7 5809 2 . 2  8 2 .4 2 ------ 2 2 .9 1 0 .0
68 2 16136 7 .3 2 2 .6 4 ------- 5 7 .2 7 .8 2
69 3 16136 7 .6 1 2 .6 4 ------- 5 5 . if 7 .2 8
71 6 12963 4 -7 2 2 .6 2 ------- 4 1 -6 8 .8 2
if3SHe 5 108 ifl 5 . oil. 2 .3 8 1 .6 5 2 8 .3 5 .6 2
50SAr 1 17038 6 .5 5 2 .5 6 1 .5 6 6 0 .2 9 .1 9






















J ~ R a d i o l y s l s  o f  Ammonia 
Y i e l d  o f  H y d ro g en  
v s
T o t a l  Dose
4 . 0 -
3 . 0 -
L egend  
^  A rgon a d d ed  
3  H e liu m  a d d ed1 . 0 -
0 1 2 3 4 5 6 7 8 9  10
TOTAL DOSE, UNITS OP I 0 l 8 e v .
39
t e m p e r a t u r e .
The G(—NHa )°  c a n  be  c a l c u l a t e d  f ro m  Gy u s i n g  t h e  
s t o i c h i o m e t r i c  d e c o m p o s i t i o n  o f  am m onia . T h is  y i e l d s  a v a l u e  
o f  6 . 6 .
The d e t e r m i n a t i o n  o f  h y d r o g e n  and  n i t r o g e n  was a t t e m p t e d  
s i m u l t a n e o u s l y  b y  u s i n g  t h e  m o l e c u l a r  s i e v e  c o lu m n . H ow ever, 
t h e  I n d i c a t i o n  6 f  o x y g e n , due t o  t r a c e s  o f  a i r  i n  t h e  s t o p c o c k s  
o f  t h e  g a s  s a m p l e r ,  m e a n t  e r r o n e o u s  ' r e s u l t s  f o r  n i t r o g e n .  An 
a p p r o x i m a t i o n ,  o f  t h e  n i t r o g e n  f o r m e d ,  was o b t a i n e d  u s i n g  a i r  
f o r  t h e  c a l i b r a t i o n  and  t h e  o x y g e n , n i t r o g e n  p e a k  r a t i o s .
The h y d r o g e n  t o  n i t r o g e n  y i e l d  s h o u ld  be  3 t o  1 .  The n i t r o g e n  
y i e l d  was 0 .2 3  x  101T m o l e c u l e s  f o r  a t o t a l  d o se  o f  a p p r o x i ­
m a t e l y  7 x  1018 e v .  On t h e  b a s i s  o f  t h e  ab o v e  r a t i o ,  t h e
/ ITn i t r o g e n  y i e l d  s h o u ld  h a v e  b e e n  1 . 6  x  10 m o l e c u l e s .  The 
v a l u e  o b t a i n e d  i s  low  and  t h i s  may w e l l  be  due t o  t h e  p o o r  
r e s o l u t i o n  o f  t h e  n i t r o g e n  by  th e  ab o v e  m e th o d .
The m ech an ism  f o r  t h e  p r o d u c t i o n  o f  h y d r o g e n  and 
n i t r o g e n  i s  n o t  w e l l  u n d e r s t o d d  e v e n  t h o u g h  e x t e n s i v e  i n v e s t i ­
g a t i o n s  h a v e  b e e n  m ade .
The u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  o f  ammonia g a a
e o  29
e x t e n d s  f ro m  2I|.00 A t o  1665  A i n  d i f f u s e  b a n d s .  E x c i t a t i o n
o f  ammonia i n  t h i s  r e g i o n  l e a d s  t o  p r e d i s s o c i a t i o n  by two
p a t h s .
+ h r  -* HH2 + H ( 1 )
NH3 + h r  ■* NH + H2 (2 )
o 30
Below 1550 A a n o t h e r  p r o c e s s  n a y  o c o u r
NHj + h i r  -*• NH + H + H . (3 )
31Work w i t h  C2D^ , a s c a v e n g e r  f o r  h y d r o g e n  a to m s ,  showed
t h a t  a t  1236  %, o f  t h e  d e c o m p o s i t i o n  p r o c e e d s  b y  r e a c t i o n
(2 ) ,  m o l e c u l a r  e l i m i n a t i o n  o f  h y d r o g e n .
E x c i t a t i o n  l a  n o t  t h e  o n l y  m eans by  w h ic h  c h e m ic a l
i n t e r m e d i a t e s  a r e  f o r m e d .  I o n i z a t i o n  p r o c e s s e s  c a n  a l s o
l e a d  t o  i n t e r m e d i a t e s  w h ic h  e v e n t u a l l y  go  t o  p r o d u c t s .  H ass
+ +  +
s p e c t r o m e t r l c  s t u d i e s  show t h a t  i o n s  s u c h  a s  N , NH , NH2 
and  NH^+ a r e  p ro d u c e d  f ro m  e l e c t r o n  im p a c t  o f  am m onia. A t 
h i g h e r  p r e s s u r e s ,  NH^+ h a s  b e e n  o b s e r v e d  r e s u l t i n g  f ro m  th e  
f o l l o w i n g  r e a c t i o n :
NH3+ + NH3 -*> NH^+ + NH2 (4 )
N e u t r a l i z a t i o n  o f  - th e s e  i o n s  b y  e l e c t r o n  c a p t u r e  c a n  o c c u r .  
+
kNHjt n e u t r a l i z a t i o n  I s  c o n s i d e r e d  t o  be a n  i m p o r t a n t  r e a o t i o n
due  t o  i t s  h i g h  r a t e  o f  f o r m a t i o n . ^
NH|++ + e -*• NH2  + H2  (5 )
NH^+ + e -*• NH3 H (6)
R e a c t i b n  ( 6 ) i s  f a v o r e d  o v e r  ( 5 ) .
The a b s e n c e  o f  h y d r a z i n e  i n  t h e  s t a t i c  s y s te m  i s  due 
t o  i t s  d e s t r u c t i o n  by  h y d r o g e n  a to m s  v i a  r e a c t i o n s  (7 ) and 
( 8 ) .
N2H^ + H -•> N2H3 + H2 (7 )
+ d  ^ 3  + NJ12
E v id e n o e  f o r  c h a r g e  t r a n s f e r  was fo u n d  by  a d d in g  t h e  
i n e r t  g a s e s ,  h e l iu m  and a r g o n ,  t o  some o f  t h e  s a m p le s .  The
e n e r g y  t r a n s f e r r e d  s h o u ld  f o l l o w  t h e  same t r e n d  a s  t h e  i o n —
6
l z a t i o n  p o t e n t i a l s .  The i o n i z a t i o n  p o t e n t i a l s  a r e  h e l i u m  
(21j..58 v ) ,  a r g o n  ( 1 5 .7 6  v )  and  ammonia ( 1 0 .1 5  v ) .  The r e s u l t s  
( s e e  T a b le  I4. and  F i g u r e  V I I )  i n d i o a t e  a d e c r e a s e  i n  t h e  
h y d r o g e n  y i e l d  w i t h  h e l i u m  and a d e c r e a s e  w i t h  one sa m p le  and 
a n  i n c r e a s e  w i t h  t h e  o t h e r ,  when e r g o n  i s  a d d e d .  I t  i s  d i f f i ­
c u l t  t o  e x p l a i n  t h i s  e f f e c t .  I m p u r i t i e s  p r e s e n t  may a c c o u n t  
f o r  t h e  o b s e r v e d  i n h i b i t i o n  r e s u l t s .
I o n i z a t i o n  o f  h e l i u m  and a r g o n  c a n  o c c u r .  T hese  i o n s  
c a n  t h e n  r e a c t  w i t h  ammonia v i a  t h e  f o l l o w i n g  r e a c t i o n s :
He+ + NH3 -*• m 2 + H + He ( 9) AH* - 2 0 0  k c a l / m o l e
He+ + NH3 -*• nh3* + he ( 1 0 ) AH* —3 20  k c a l / m o l e
A r+ + NH3 m 2 + H + A r (1 1 ) a h * —1 k c a l / m o l e
Ar* + MI3 nh3 * + Ar (1 2 ) —121 k c a l / m o l e
The h e a t  o f  r e a c t i o n  v a l u e s  w e re  c a l c u l a t e d  f ro m  t h e  
h e a t s  o f  f o r m a t i o n  o f  t h e  v a r i o u s  s p e c i e s . ^  S in c e  t h e  h e a t s  
o f  f o r m a t i o n  may v a r y  a few  k l l o c a l o r i e s  p e r  m o le ,  r e a c t i o n  
(1 1 )  may w e l l  be  e n d o t h e r m i c .  The r e a c t i o n s  w ou ld  a l l  r e s u l t  
i n  a n  i n c r e a s e  o f  t h e  h y d r o g e n  y i e l d .  The f o r m a t i o n  o f  
h y d r o g e n  a to m s  by  r e a c t i o n s  (9 )  an d  (1 1 )  w o u ld  a l s o  r e d u c e  
t h e  h y d r a z i n e  f o r m a t i o n .
As t h e  c o n c e n t r a t i o n  o f  h y d r o g e n  I n c r e a s e s ,  r e a c t i o n  
o f  h y d r o g e n  w i t h  i o n i z e d  i n e r t  g a s  beco m es  m ore p r o b a b l e .
H2 + A r* -+ ArH* + H (1 3 )
H2 + He* -*• HeH+ + H (lij.)
R e a c t i o n  (1 3 )  h a s  b e e n  o b s e r v e d  i n  t h e  m a ss  s p e c t r o m e t e r ^
ft*
The f o r m a t i o n  o f  n i t r o g e n  i s  g i v e n  b y  t h e  f o l l o w i n g  
r e a o t i o n s  w i t h  h y d r a z i n e  and  NH2 r a d i c a l s . * ^
nh2 + n2h ^  NH3 + N2h 3 (1 5 )
2 N2H3 N2 + 2 HH3 (1 6 )
The d i r e c t  p r o o f  f o r  o r  a g a i n s t  t h e s e  r e a c t i o n s  i s  n o n - e x i s ­
t e n t  a t  p r e s e n t .  R e a c t i o n s  (1 5 )  and  (1 6 )  w e re  p o s t u l a t e d  f o r  
n i t r o g e n  f o r m a t i o n  from  r e s u l t s  o b t a i n e d  i n  s o l u t i o n .
B. Gamma R a d i o l y s i s  o f  M e th y la m in e
R a d i o l y s i s  o f  m e th y la m in e  r e s u l t e d  i n  m e th a n e ,  h y d r o ­
g e n ,  ammonia and  d lm e th y la m ln e  a s  p r o d u c t s .  T hese  w ere  t h e  
o n ly  p r o d u c t s  d e t e c t e d  b y  g a s  c h r o m a to g r a p h y .  T h ere  was n o  
i n d i c a t i o n  o f  t h e  f o r m a t i o n  o f  n i t r o g e n .  E t h y l a m i n e ,  a s u s ­
p e c t e d  p r o d u c t ,  was u n d e t e c t e d ,  b u t  c o u ld  v e r y  w e l l  b e  p r e s e n t .  
E th y la m in e  e l u t e s  a f t e r  t h e  m e th y la m in e  on  t h e  o—t o l u i d i n e  
co lu m n  and a s m a l l  c o n c e n t r a t i o n  may be  m asked b y  t h e  t a i l i n g  
o f  t h e  m e th y la m in e  p e a k .  E th a n e  was a l s o  u n d e t e c t e d .  The 
l o w e s t  d e t e c t a b l e  l i m i t  on e t h a n e  was 1 x  1018 m o l e c u l e s .
Any f o r m a t i o n  o f  e t h a n e  b e lo w  t h i s  am oun t w ou ld  g o  u n n o t i c e d .  
P o ly m e r  o r  l i q u i d  f o r m a t i o n  was n o t  o b s e r v e d .
The o b s e r v a t i o n s  o f  h y d r o g e n ,  m e th a n e  and  ammonia a s  
p r o d u c t s  a g r e e  w i t h  t h e  p h o t o c h e m i c a l  s t u d i e s .
The r e s u l t s  f o r  h y d r o g e n ,  m e th a n e ,  ammonia an d  d i — 
m e th y la m in e  f o r m a t i o n  a r e  p l o t t e d  i n  F i g u r e s  V I I I  t h r o u g h  X I 
and  t a b u l a t e d  i n  T a b le  6 .  The p r o d u c t s  w ere  o b s e r v e d  o v e r  a 
t h i r t y —f o l d  c h a n g e  I n  t o t a l  d o s e .




P o s i t i o n
i n
S o u rce
R a d i o l y s i s  o f  M ethylam ine
I r r a d i a t i o n  T o ta l  I n i t i a l  M oles 
Time Dose o f  CfiaNtfg 
(m in u te s )  ev  x  10Txe x  10 *.
M oles o f  
Added 




S c a v e n g e r
9 1 16981; 1 8 .5 14-.17 ----- ------
11 3 7226 8 .8 9 3 .8 5 ----- -----
13 2 28526 3 0 .7 I ; .01 ----- -----
58 2 5558 6.21; i ; . l 8 ----- -----
59 3 15725 2 0 .8 I f .15 ----- -----
60 5 11115 1 6 .6 1;.29 ----- -----
78 5 1625 2 .  Ip. I4..26 ------ -------
6 l S I 2 6 15725 1 6 .3 1;.17 0 .2  mm I 2 -------
30 2 99i|3 6 .0 3 2 .2 6 ------ ------




P o s i t i o n  I r r a d i a t i o n  T o ta l
Sample i n  Time Dose
Wo. S o u rce  (m in u te s )  ev x  lO"*18
32  7 15530 1 0 .9
33 2 10137 6 .5 6
3 l* 8 6637 l*-28
I|l|SHe 6 1081*1 6 .3 0
52SAr 3 111*80 1 0 .3
53SAr 1* 17038 II4-.5
I n i t i a l  H o le s  
o f  CH3 MH2 







H o le s  o f
Added Hole %
S c a v e n g e r  Added
x  10 S c a v e n g e r :




R a d i o l y s i s  o f  M etny lam ine  — P r o d c u t s  and (J V a lu es




x  i o r 1T
Gii02
CHi Formed 
kx  io -* *
9 2 1 .3 1 1 .5 1 2 .0
11 N .D .* N.D. N.D.
13 2 1 .9 7 .1 4 1 3 -5
58 5 .6 0 8 .9 8 3 .7 3
59 2 0 .2 9 .7 2 8 .1 9
60 1 8 . 4 1 1 .1 7 .5 3
78 2 .4 7 1 0 .2 N.D.
6 1 S I2 2 0 .1 1 2 .3 9 .7 0
30 6 .2 0 1 0 .3 3 .0 1
31 1 1 . k 1 0 .4 5 .3 9
M o le c u le s  o f  
NH0 Formed1 _ —17x  10
GN43
M o le c u le s  < 
(Ctf3 KNH
x  1 (T 17
0 .6 5 2 4 .5 1 3 .2 6 2 .6
N.D. 3 6 .6 4 1 .2 1 .1 6
0 .4 4 2 3 .6 7 .6 9 - 1 0 . 3  +
0 .5 9 8 5 .3 0 8 .5 0 7 .5 3
0 .3 9 4 1 8 .2 8 .7 6 7 .5 3
0 .4 5 4 N.D. N.D. N.D.
N.D. 3 .6 4 1 5 .1 1 1 .0
0 .5 9 5 1 1 .9 7 .3 1 “ 6 .2 5
0 .4 9 7 3 .6 5 6 .0 3 N.D.
0 .4 9 0 4 .7 0 4 .2 7 N.D.
*N.D. — n o t  d e te rm in e d
+ n e g a t i v e  s i g n  i n d i c a t e s  d e c r e a s e  o f  d lm e th y la m in e
Sample
No.
M o le c u le s  o f  
H0 Formed
■ x  i o r lT
a 2
M o le c u le s  o f  
CH. Formed 
x  10” 1*
32 1 0 .8 9 .9 2 5 .0 0
33 6 .1 9 1 2 .5 3 .9 8
34 4 .7 0 1 1 .0 2 .5 9
4 4 s^ e N.D. N.D. N.D.
52SAr 1 1 .0 1 0 .7 4 .7 2
53SAr 1 5 .2 1 0 .5 6 .0 8
TABLE 6 con t.
0 .4 5 9
0.606
0 .6 0 5
N.D.
0.458
0 .4 1 9
^ n e g a t i v e  s i g n  I n d i c a t e s  d e c r e a s e  o f  d im etH ylam lne
M o le c u le s  o f  M o le c u le s  o f
Formed Gjjg ( C ^ ^ nH
’ *  I Q -17   - x  i o r * T
5 .2 2 4 .7 9 N.D.
2 .7 6 4 .2 1 N.D.
N.D. N.D. N.D.
3 6 .3 5 7 .6 - 2 .8 1  +
1 2 .8 1 2 .4 5 .7 8
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Y i e l d  o f  H y d ro g e n
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Y i e l d  o f  M ethane
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L eg en d  
D  A rg o n  a d d ed  
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2f—R a d io ly s is  o f  Methylamine
3  ®  Y i e l d  o f  Ammonia
v s
T o t a l  Dose
O
L egend
O  A rgon  a d d ed
3  H e liu m  a d d ed
#  I o d i n e  a d d ed
©  M e th y la m in e  —
L ow er c o n c e n t r a t i o n
10 15 20 25 30


























if—R a d io ly s is  o f  M ethylam ine
Y i e l d  o f  D im e th y la m in e
va L eg end
T o t a l  Dose ^  a a~aO  A rgo n  a d d e d
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o£ 2 = 1 0 .8 ;  *  0 .61;; *  1;..6 and  1 0 ;  t h e  l a t t e r  v a l u e
f o r  ammonia r e s u l t s  f ro m  t h e  h i g h e r  I n i t i a l  c o n c e n t r a t i o n  o f  
m e th y la m in e .  As s e e n  f ro m  F i g u r e  X I ,  t h e  d im e th y la m in e  
r e a c h e s  a h i g h  c o n c e n t r a t i o n ,  I n i t i a l l y ,  and  t h e n  d e c r e a s e s  
w i t h  i r r a d i a t i o n  t i m e .  G(—(CH^^N&J -  7 »kk» T h is  v a l u e  was 
d e te r m i n e d  f o r  t h e  h i g h e r  i n i t i a l  c o n c e n t r a t i o n  o f  m e th y l— 
a m in e .  V a lu e s  w ere  n o t  o b t a i n e d  fro m  sa m p le s  c o n t a i n i n g ,  
i n i t i a l l y ,  a lo w e r  c o n c e n t r a t i o n  o f  m e th y la m in e .
The y i e l d s  o f  h y d r o g e n  and m e th an e  a r e  i n d e p e n d e n t  
o f  t h e  i n i t i a l  p r e s s u r e  o f  m e th y la m in e  i n  th e  r e g i o n  o f  
100 cm t o  ^  27 k  Qrn»
The f o r m a t i o n  o f  h y d r o g e n  c a n  r e s u l t  f rom  m o l e c u l a r  
e l i m i n a t i o n  from  m e th y la m in e .
CH3 HH2 -  CH2 NH + H2 (1 7 )
E v id e n c e  f o r  t h i s  comes fro m  t h e  p h o t o c h e m i c a l  s t u d y  b y  
W atso n  and D a r w e n t ^  who fo u n d  t h e  66#  o f  th e  h y d r o g e n  fo rm ed  
f ro m  m e th y la m in e —dg was HD and 7 0 #  HD fro m  me t h y 1—d^—a m in e . 
F u r t h e r  p r o o f  f o r  i n t r a m o l e c u l a r  d e ta c h m e n t  c o u ld  b e  o b t a i n e d  
f ro m  i r r a d i a t i o n s  o f  m i x t u r e s  o f  m e th y la m in e  and m e th y l—d i ­
am in e—d2 .
A l l  o f  t h e  h y d r o g e n  may n o t  be  fo rm ed  b y  r e a c t i o n  
(1 7 )*  M e th y la m in e  may d i s s o c i a t e  v i a  r e a c t i o n  ( l 8 ) y
CH^NH2 ■* CH^N+ + H (18 )
t h e  h y d r o g e n  a to m s  r e a c t i n g  t o  fo rm  h y d r o g e n .  (CH^N+ i s
w r i t t e n  i n  t h i s  m an n e r  s i n c e  t h e  a c t u a l  s t r u c t u r e  o f  t h i s  
Io n  i s  q u e s t i o n a b l e .  )
52
The a d d i t i o n  o f  a r g o n  t o  m e th y la m in e  i o n i z a t i o n  
p o t e n t i a l  ( 8 .9 7  v )  , show s no  e f f e c t  on t h e  y i e l d  o f  h y d r o g e n .
M ethane f o r m a t i o n  may o c c u r  by  s e v e r a l  p a t h s .  M olecu— 
l a r  e l i m i n a t i o n  may o c c u r  v i a  r e a c t i o n  (1 9 )*
CH3NH2 CHj^  + NH ( 1 9 )
An i s o t o p i c  s t u d y  w i t h  d e u t e r a t e d  and  n o n - d e u t e r a t e d  m e th y l—  
am ine  w ould  i n d i c a t e  t h e  im p o r ta n c e  o f  t h i s  r e a c t i o n  b y  ob­
t a i n i n g  t h e  CDjj/CD^H r a t i o .
S c i s s i o n  o f  t h e  c a r b o n —n i t r o g e n  bond  u n d e r  i r r a d i a ­
t i o n  w i l l  r e s u l t  i n  b o t h  r a d i c a l  and  i o n  f o r m a t i o n  v i a  
r e a c t i o n s  ( 2 0 ) ,  (2 1 )  and  ( 2 2 ) .
CH3 NH2  -* CH3 + m 2 ( 2 0 )
CH3 MH2
+
CH3 + nh2 (2 1 )
CH3 NH2 CH3 + nh2 ( 2 2 )
36
The m ass  s p e c t r a l  p a t t e r n  o f  m e th y la m in e  shows t h a t  t h e  
r e l a t i v e  a b u n d a n c e s  o f  NH2+ and CH3 + a r e  a b o u t  1 5 # .  The 
m e th y l  r a d i c a l  may t h e n  r e a c t  w i t h  a n o t h e r  m e t h y l r a d i c a l  
f o r m in g  e t h a n e .  E th a n e  was a p r o d u c t  i d e n t i f i e d  i n  t h e  
p h o t o l y s i s  s t u d i e s ,  b u t  n o t  d e t e c t e d  i n  t h i s  s t u d y .
M ethane c a n  be  fo rm ed  by  t h e  m e th y l  r a d i c a l  a b s t r a c ­
t i n g  a h y d ro g e n  fro m  m e th y la m in e .
CH3 + CH3 NH2 “*■ + c h 2n h 2 ( 2 3 )
CH3 + CH3KH2 CH^ + CH3NH {2k)
H y d ro g e n  a b s t r a c t i o n  b y  m e th y l  r a d i c a l  f ro m  m e th y la m in e  h a s  
b e e n  p r e v i o u s l y  o b s e r v e d . ^  H ow ever, t h e r e  e x i s t s  d o u b t  a s  
t o  w h ic h  h y d r o g e n  i s  a b s t r a c t e d .
53
A n o th e r  r e a c t i o n  c o n t r i b u t i n g  t o  m e th an e  f o r m a t i o n  
c a n  be  a h y d r i d e  i o n  t r a n a f e r  r e a c t i o n .
CH3 + + CH3NH2 CHjjN* + CHj| ( 2 5 )
H y d r id e  i o n  t r a n s f e r  r e a c t i o n s  h a v e  b e e n  d e m o n s t r a t e d  i n  t h e
^ O
m ass  s p e c t r o m e t e r  f o r  h y d r o c a r b o n  s y s t e m s .
A d d i t i o n  o f  a rg o n  shows a s l i g h t  i n h i b i t i n g  e f f e c t  on 
m e th an e  f o r m a t i o n .  A ga in  t h e  r e a s o n  f o r  t h i s  r e s u l t  i s  n o t  
w e l l  u n d e r s t o o d  and  i t  i s  s u g g e s t e d  t h a t  more w o rk  w i t h  i n e r t  
g a s e s ,  a t  h i g h e r  c o n c e n t r a t i o n s ,  be  done b e f o r e  c o n c l u s i v e  
e v a l u a t i o n s  c a n  be m ade. The i n e r t  g a s  may m o d e r a te  some 
i n t e r m e d i a t e  i n  s u c h  a way t h a t  m e th an e  f o r m a t i o n  i s  r e d u c e d .
As shown p r e v i o u s l y ,  h y d r o g e n  and  m e th an e  f o r m a t i o n  
a r e  p r e s s u r e  I n d e p e n d e n t ,  w h i l e  t h e  f o r m a t i o n  o f  ammonia i s  
p r e s s u r e  d e p e n d e n t .  D lm e th y la m in e  may a l s o  be  p r e s s u r e  de­
p e n d e n t ,  s i n c e  t h e  f o r m a t i o n  o f  t h e s e  two p r o d u c t s  a p p e a r  t o  
be  r e l a t e d .
The d a t a  d e f i n i t e l y  s u g g e s t s  a b l m o l e c u l a r  r e a c t i o n .  
C o l l i s i o n  o f  two m e th y la m in e  m o le c u l e s  v i a  r e a c t i o n s  (2 6 )  and  
(2 7 )  may r e s u l t  i n  f o r m a t i o n  o f  t h e s e  p r o d u c t s .
ch3- nh2 + h- ch2 nh2 -* nh3 + ch3 + ch2 nh2 (2 6 )
ch3- nh2 + h - n h c h 3 -*■ nh3 + ch3 + ch3 nh ( 2 7 )
I f  t h e  r a d i c a l s  a r e  n e a r  t h e r m a l  e n e r g i e s  and  in  c l o s e  p ro x im ­
i t y  r e a c t i o n  (2 6 )  s h o u ld  l e a d  t o  e t h y l a m i n e ,  a p r o d u c t  n o t  
o b s e r v e d .  R e a c t i o n  (2 7 )  c a n  l e a d  t o  d lm e th y la m in e .
I t  I s  u n l i k e l y  t h a t  ammonia I s  p r o d u c e d  f ro m  d i m e t h y l — 
a m in e ,  s i n c e  ammonia i s  n o t  a p r o d u c t  i n  t h e  r a d i o l y s i s  o f
d ime th y la m  i n e .
An io n - r a o l e c u le  r e a c t i o n  n a y  a l s o  ba  o p a r a t i v a .
CH3 MH2 + + CH3NH2 -* NH3 + (CH3 ) 2 NH+ (2 8 )  AH = 1 . 3  k c a l / m o l e .
O b s e r v a t i o n  o f  t h i s  r e a c t i o n  h a s  n o t  y e t  b e e n  r e p o r t e d .
R a d i c a l  a b s t r a c t i o n  I n v o l v i n g  NH2  r a d i c a l  c a n  a l s o  
l e a d  t o  anznon la .
NH2  + CH3 NH2  -♦ NH3 + Cfl^N (2 9 )
A d d i t i o n  o f  I o d i n e , a r a d i c a l  s c a v e n g e r ,  r e s u l t e d  I n  
a d e c r e a s e  i n  t h e  y i e l d s  o f  b o t h  ammonia and  d l m e t h y la m i n e ,
20% f o r  ammonia and  22% f o r  d l m e t h y la m i n e .  T hese  r e s u l t s  ixv- 
d l c a t e  t h a t  r a d i c a l  r e a c t i o n s  a r e  I n  p a r t  r e s p o n s i b l e  f o r  
t h e s e  p r o d u c t s .
C harge  t r a n s f e r  r e a c t i o n s  a r e  d e m o n s t r a t e d .  The 
a d d i t i o n  o f  h e l iu m  and a r g o n  I n c r e a s e  t h e  y i e l d  o f  am m onia.
The I n e r t  g a s e s  e f f e c t  t h e  e x c i t e d  s t a t e s .  I n e r t  g a s  io n s  
may a l s o  e n t e r  i n t o  i o n - m o l e c u l e  r e a c t i o n s  w i t h  m e th y la m in e  
a s  a l r e a d y  shown w i t h  am m onia.
C. Gamma R a d i o l y s i s  o f  D lm e th y la m in e
H ydrog en  and  m e th a n e  w e re  p r o d u c t s  I d e n t i f i e d  f ro m  
t h e  r a d i o l y s i s  o f  d l m e t h y la m i n e .  The p r e s e n c e  o f  n i t r o g e n ,  
ammonia and t r i m s t h y l a m i n e  w ore  n o t  i n d i c a t e d .  M e th y la m in e  
was t e n t a t i v e l y  i d e n t i f i e d  a s  a p r o d u c t ,  when l i q u i d  was 
p r e s e n t  i n  t h e  I r r a d i a t i o n  t u b e .  C o n s e q u e n t ly  t h e  m e th y l— 
am ine  may h a v e  b e e n  fo rm ed  i n  a c o n d e n s e d  p h a s e  r e a c t i o n .  
A n o th e r  s a m p le ,  w i t h o u t  l i q u i d  p r e s e n t ,  showed no  m e th y la m in e  
f o r m a t i o n .  B o th  s a m p le s  had  b e e n  i r r a d i a t e d  a p p r o x i m a t e l y
th e  same l e n g t h  o f  t i m e .
E t h a n e ,  a p h o t o l y s i s  p r o d u c t ,  and  p o ly m e r  f o r m a t i o n  
w ere  u n d e t e c t e d .
The y i e l d s  o f  h y d r o g e n  and  m e th a n e  a r e  t a b u l a t e d  i n  
T ab le  7 .  The i n i t i a l  G v a l u e s  a r e  a g a i n  t a k e n  fro m  th e  
i n i t i a l  s l o p e s  o f  t h e  c u r v e s  p l o t t e d  i n  F i g u r e s  X I I  and  X I I I .  
0^2  *  15 and  G§fl^  = 2 . 9 .
The a d d i t i o n  o f  h e l i u m  r e s u l t e d  i n  t h e  i n c r e a s e  o f
b o t h  h y d r o g e n  and m e th a n e .  The i o n i z a t i o n  p o t e n t i a l  o f  d l —
6
m e th y la m in e  i s  8.21). v ,  s o  t h a t  e n e r g y  t r a n s f e r  f ro m  an  
i n e r t  g a s  i o n  c a n  t a k e  p l a c e .  A f o r t u i t o u s  r e s u l t  was t h e  
f o r m a t io n  o f  lj..25 x  101T m o l e c u l e s  o f  t r i m e t h y l a m i n e .
•3C og
E l e c t r o n  im p a c t  s t u d i e s  o f  d im e t h y la m i n e J V ,J h a v e  
shown t h e  f o l l o w i n g  r e a c t i o n s  p r o d u c i n g  a v a r i e t y  o f  i n t e r ­
m e d i a t e  s p e c i e s .
CH3 ) 2 Nfi -♦ (3 0 )
Cii3 ) 2 Na (Cfl3 )2 NH+ + e (3 1 )
CH3 ) 2MH -♦ ch3+ + CH3 N a (? ) (3 2 )
c a 3 )2 m Cghg + ii + ( ? ) (3 3 )
Ch3 ) 2 NH -► CH^N+ ( ? )  + CH3 (3k )
Ch3 ) 2 Nk ®2^l|. + o t h e r  p r o d u c t s (3 5 )
These r e a c t i o n s  a c c o u n t  f o r  t h e  m a j o r  m ass  p e a k s  o b s e r v e d .
The m ec h an ism s  o r  i o n  i n d i c a t e d  by  t h e  q u e s t i o n  m ark  a r e  n o t  
c o m p l e t e l y  a b o v e  s u s p i c i o n .
M e th y l  r a d i c a l  c a n  be  fo rm ed  v i a  r e a o t i o n  (3 I4. ) .  The 
m e th y l  r a d i c a l  c a n  t h e n  a b s t r a c t  a h y d r o g e n  f ro m  d lm e th y la m in e
56
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Sam ple  
No._ __
H~ Form ed 
x  10“  X7 ° h2
CH. Form ed 
^ x  10*“16
15 1 1 .3 1 4 . 2 1 9 .6
16 1 5 . 4 9 .3 5 2 7 .2
19 1 6 .9 7 .6 9 3 6 . 4
20 3 .6 3 8 . 2 0 7 .7 7
22 9 .8 8 1 2 . 5 1 6 .3
77 2 .0 5 1 6 .5 1 1 .5




1 .6 5  
1 .7 5  
2 . 0 6  
9 .28  
2 .3 5
*  3 . 2 9  x  1 0 ” m o le s  o f  h e l iu m  a d d e d  (1 . 4 2  m o le  %) r e s u l t e d  i n  
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FIGURE X III
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TOTAL DOSE, UNITS OF 101S ev .
5*?
37by r e a c t i o n  (3 6 ) .
CH3 + (CH3 )2 NH -* CH^ + C2H6 N (3 6 )
I n t r a m o l e c u l a r  e l i m i n a t i o n  may e x p l a i n ,  i n  p a r t ,  
b o t h  m e th an e  and h y d ro g e n  f o r m a t i o n .  D i s s o c i a t i o n  o f  a n  ex­
c i t e d  s t a t e  o r  a m o le c u l e —i o n  o f  d lm e th y la m in e  may a l s o  g i v e  
t h e s e  p r o d u c t s ,  ftie  c o n t r i b u t i o n  o f  t h e s e  v a r i o u s  p r o c e s s e s  
i s  n o t  known.
The f a c t  t h a t  a d d i t i o n  o f  h e l iu m  r e s u l t e d  i n  t r i — 
m e th y la m in e  f o r m a t i o n  shows t h a t  t h e  e x c i t e d  s t a t e  h a s  b e e n  
a l t e r e d .
A c c o u n t in g  f o r  t h e  n i t r o g e n  b a l a n c e  h a s  p o se d  a 
p ro b le m .  The n i t r o g e n  may w e l l  be  c o n t a i n e d  i n  u n d e t e c t e d  
p r o d u c t s .
D. Gamma R a d i6 1 y s l s  o f  T r lm e th y la m in e
The p r o d u c t s  from  t h e  r a d i o l y s i s  o f  t r l m e t h y l a m i n e  
a r e  h y d r o g e n ,  m e th a n e ,  d i m e t h y le th y l a m i n e  and  a n  u n i d e n t i f i e d  
com pound. The o r i g i n a l  i m p u r i t i e s ,  ammonia and  a n o t h e r  un­
i d e n t i f i e d  com pound, w e re  a l s o  i n c r e a s e d  due t o  i r r a d i a t i o n .  
N i t r o g e n  and  m e th y l  h y d r a z i n e  w ere  n o t  o b s e r v e d .  L iq u i d  
f o r m a t i o n  was a b s e n t .
The r e s u l t s  a r e  t a b u l a t e d  i n  T a b le  6 . The p e a k  
h e i g h t  o f  t h e  u n i d e n t i f i e d  compound i s  l i s t e d  a s  a m e a su re  
o f  i t s  c o n c e n t r a t i o n .  F i g u r e s  XIV and XV show t h e  p l o t t e d  
r e s u l t s  f o r  h y d r o g e n  and m e th a n e .  G^2 = 1 2 . If and  = 2 .6 3
d e te r m in e d  f ro m  t h e  i n i t i a l  s l o p e s  o f  t h e  c u r v e s .  From t h e  
d a t a  on t h e  u n i d e n t i f i e d  com pound, i t  a p p e a r s  t o  be  fo rm ed  
i n i t i a l l y  i n  h i g h  y i e l d .  The f o r m a t i o n  d e c r e a s e s  w i t h  i n —
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L eg en d  
O  H e liu m  a d d ed
0
5 ISo
TOTAL DOSE, UNITS OP 10l e ev
c r e a s e  i n  i r r a d i a t i o n  t i m e .
The a d d i t i o n  o f  h e l i u m  r e s u l t e d  i n  t h e  e n h an c em en t 
o f  t h e  h y d r o g e n  and m e th a n e  and  r e d u c t i o n  o f  t h e  u n i d e n t i f i e d  
com pound. A d d i t i o n  o f  h e l iu m  i n c r e a s e d  p r o d u c t s ,  h y d r o g e n  
and  m e th a n e ,  i n  a p r e v i o u s  p h o t o l y s i s  s t u d y .
The p r e d o m in a te  m a s s e s  f ro m  e l e c t r o n  Im p a c t  s t u d i e s  
o f  t r l m e t h y l a m i n e - ^  *J a r e  15  (CH3 ) ,  i|2  ( o f  am b ig uou s  com­
p o s i t i o n ) ,  58 (C3H8N+ ) ,  59  (C3H9 N+ ) ,  30 (CH^N+ ) ,  28 (CH2N+ ) 
and  ifij. (C2H8 N+ ) .  The s t r u c t u r e  o f  m a s s e s  30 and 28  a r e  
q u e s t i o n a b l e .  The Io n  o f  m ass  1+2 h a s  a r e l a t i v e  i n t e n s i t y  
o f  If6 .3  f o r  70 v o l t  i o n i z a t i o n . - ^ 13 The u n i d e n t i f i e d  compound 
may be  a c o n s e q u e n c e  o f  a r e a c t i o n  i n v o l v i n g  t h i s  i o n .
M e th y l  r a d i c a l  c a n  be  fo rm ed  by  t h e  f o l l o w i n g  r e a c t i o n  
(Cfl3 ) 3 N ■* (CH3 ) 2 N+ + Cfl3 (3 7 )
The m e th y l  r a d i c a l  c an  t h e n  r e a c t  w i t h  a h y d r o g e n  a tom  o r  ab—
37s cs t r e e t  a h y d r o g e n  * f ro m  t r l m e t h y l a m i n e .
I n t r a m o l e c u l a r  e l i m i n a t i o n  may c o n t r i b u t e  t o  t h e  
p r o d u c t s .  O th e r  c o n t r i b u t i o n s  may be  f ro m  d i s s o c i a t i o n  o f  
e x c i t e d  s t a t e s ,  d i s s o c i a t i o n  o f  m o le c u l e —i o n s  and  i o n - m o l e c u l e  
r e a c t i o n s .
D i r a e th y le th y la m in e  may be  fo rm ed  b y  a tw o s t e p  mecha­
n ism  i n v o l v i n g  r a d i c a l s .
(CH3 )3 N -*• CH2 N(Cfl3 )2  + M (3 8 )
c h 3 + c h 2n ( c h 3 ) 2 -* c h 3 c h 2n ( c h 3 ) 2 (3 9 )
Ammonia f o r m a t i o n  may be I n v o lv e d  i n  a o om plex  r e a c —
+
t i o n  sc h em e . NH^ h a s  b e e n  fo u n d  i n  t h e  m ass s p e c t r u m .
N e u t r a l i z a t i o n  v i a  r e a c t i o n  (6 )  w i l l  r e s u l t  i n  am m onia. NH^ 
a l s o  a p p e a r s  i n  t h e  m ass s p e c t r u m  o f  d lm e th y la m in e ,  b u t  am­
m onia  was u n d e t e c t e d  a s  a p r o d u c t  o f  i t s  r a d i o l y s i s .
E . R e a c t i o n  o f  N i t r o g e n ( I I )  Oxide w i t h  th e  M e th y la m in e s
A d d i t i o n  o f  n i t r o g e n ( I I )  o x id e  t o  t h e  m e th y la m in e s  
a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  
a w h i t e  s o l i d  w i t h  e a c h  a m in e .  The w h i t e  s o l i d s  decom posed 
r a p i d l y  on e x p o s u r e  t o  t h e  a tm o s p h e r e .  T hese  com pounds w ere  
s t a b l e  when s e a l e d  u n d e r  e x c e s s  a m in e .
U.0The r e a c t i o n  o f  n i t r o g e n ( I I )  o x id e  w i t h  m e th y la m in e  
and t r l m e t h y l a m i n e ^  h a s  b e e n  p r e v i o u s l y  r e p o r t e d .
No e l e m e n t a l  a n a l y s i s  was a t t e m p t e d  on t h e  s o l i d s  
o b t a i n e d  b u t  f rom  t h e i r  b e h a v i o r  and  a p p e a r a n c e ,  i t  i s  f e l t  
t h a t  t h e  com pounds a r e  t h o s e  a l r e a d y  p r e p a r e d .
The m ethod  o f  p r e p a r a t i o n  i s  d i f f e r e n t  f ro m  t h a t  
r e p o r t e d ;  t h e s e  b e i n g  p r e p a r e d  on t h e  vacuum l i n e  by  con­
d e n s i n g  a m ix t u r e  o f  n i t r o g e n ( I I )  o x id e  and t h e  am ine  a t  
l i q u i d  n i t r o g e n  t e m p e r a t u r e .
The p r e p a r a t i o n  o f  th e  d lm e th y la m in e  compound i s  new . 
The p r o b a b l e  com pounds fo rm ed  f ro m  t h e  r e a c t i o n  a r e  l i s t e d  
b e lo w .
R e a c t i o n  Compound
CH3 NH2 + NO CR3NH3 ’4’ CH3NHN2 02~
(cfl3 )2 NH + no ( ch3 ) 2 nh2+ ( c e3 ) 2nn2 o2"
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The m echan ism  p r o p o s e d  f o r  t h e  r e a c t i o n  o f  t h e  am ine  
and  n i t r o g e n ( I I )  o x id e  i s  t h e  f o l l o w i n g :
R2 NH + NO ^ ^  R2NHN0
r2 nhno + NO r2 nhn2 o2
R2NHN2 02 + R2 NH ------> R2NH2+ R2NN2 02
The p r i m a r y  and  s e c o n d a r y  a m in e s  fo rm  I o n i c  s a l t s .  
E l e m e n t a l  a n a l y s i s  and  i n f r a r e d  s p e c t r a  o f  t h e  s t a b l e  com— 
p o u n d s  s u p p o r t  t h i s  f o r m u l a t i o n .  T r lm e th y la m in e  i s  u n a b le  
t o  u n d e rg o  t h e  t h i r d  s t e p  I n  t h e  m ec h an ism , t h u s  f o r m in g  an  
a d d i t i o n  com pound.
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SUMMARY
R a d i o l y a i s  o f  ammonia b y  c o b a l t  60 gamma r a y s  r e ­
s u l t e d  i n  h y d r o g e n  and  n i t r o g e n .  The y i e l d  o f  h y d ro g e n  was 
o b s e r v e d  o v e r  a s e v e n  f o l d  o han g e  i n  t o t a l  d o s e  w i t h  an  
i n i t i a l  Gr v a l u e  o f  1 0 .  The p r e s e n c e  o f  a n  i n e r t  g a s  shows 
c h a r g e  t r a n s f e r .
The r a d i o l y s i s  o f  m e th y la m in e  r e s u l t e d  i n  h y d r o g e n ,  
m e th a n e ,  ammonia and  d im e th y la m in e  a s  p r o d u c t s .  H y d ro g e n , 
m e th a n e  and  ammonia i n c r e a s e  i n  y i e l d  w i t h  i r r a d i a t i o n  t i m e .  
D im e th y la m in e  i s  i n i t i a l l y  fo rm ed  i n  h i g h  y i e l d ,  t h e n  t h e  
y i e l d  d e c r e a s e s  w i t h  i r r a d i a t i o n  t i m e .  H y d ro g e n  and m e th a n e  
a r e  p r e s s u r e  i n d e p e n d e n t  p r o d u c t s .  Ammonia and  d im e th y la m in e  
a p p e a r  t o  be  p r e s s u r e  d e p e n d e n t .  S c a v e n g e r  s t u d y  w i t h  i o d i n e  
i n d i c a t e s  t h a t  ammonia and d im e th y la m in e  a r e  p a r t i a l l y  p r o ­
d u ced  by  r a d i c a l  r e a c t i o n s .  C h a rg e  t r a n s f e r  was a g a i n  demon­
s t r a t e d  w i t h  i n e r t  g a s e s .
The i n i t i a l  G v a l u e s  w e re  h y d r o g e n ,  1 0 ;  m e th a n e ,  0.61).; 
and  am m onia, lj..6 ( ^ 1 0 0  onn p r e s s u r e  an d  10  ( ^ 2 0 0  cm
p r e s s u r e  o f  CH^NHg).
H y d ro g en  and  m e th an e  w e re  t h e  o n ly  i d e n t i f i e d  p r o d u c t s  
f ro m  t h e  r a d l o l y s l s  o f  d i m e t h y la m i n e .  B o th  I n c r e a s e  w i t h  
i r r a d i a t i o n  t i m e .  The i n i t i a l  G v a l u e  f o r  h y d r o g e n  b e i n g  15 
and  f o r  m e th an e  2 . 9 ,  t h e  a d d i t i o n  o f  h e l iu m  r e s u l t e d  i n  f o rm ­
a t i o n  o f  t r l m e t h y l a m i n e ,  and a n  i n c r e a s e  i n  t h e  y i e l d  o f  
h y d r o g e n  and  m e th a n e .
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H y d ro g e n ,  m e th a n e ,  d l m e t h y l e t h y l a m l n e ,  ammonia and 
two u n i d e n t i f i e d  com pounds w ere  fo rm ed  f ro m  t h e  gamma r a d i — 
o l y a i s  o f  t r l m e t h y l a m i n e .  I n i t i a l  G v a l u e s  f o r  h y d r o g e n  and  
m eth an e  w e re  r e s p e c t i v e l y  1 2 .3  and 2 . 6 3 . The p r e s e n c e  o f  
h e l iu m  r e s u l t e d  i n  an  i n c r e a s e  i n  t h e  y i e l d  o f  h y d r o g e n  and 
m e th a n e .  One o f  t h e  u n i d e n t i f i e d  com pounds d e c r e a s e d  i n  
y i e l d  w i t h  h e l iu m  p r e s e n t .
A d d i t i o n  o f  n i t r o g e n ( I I )  o x id e  t o  t h e  m e th y la m in e s  
a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e  r e s u l t e d  i n  f o r m a t i o n  o f  w h i t e  
com pounds . T hese  com pounds w e re  u n s t a b l e  w hen e x p o s e d  t o  t h e  
a tm o s p h e r e .  The d lm e th y la m in e  compound h a s  n o t  b e e n  p r e v i o u s l y  
r e p o r t e d .
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APPENDIX
M easu red  M easu red  M easu red  M easu red  volum e
Sam ple P r e s s u r e  Volume T e m p e ra tu re  o f  I r r a d i a t i o n
No. (cm) (m l)  + (°K .)  + t u b a  ( m l ) *
9 2 .7 1 291 302 4 .4 0
11 2.1+9 291 300 4 .6 7
13 2 .5 8 291 298 3 . 7 6
15 1 .4 5 285 297 3 .9 9
16 1 .5 5 285 296 3 .7 9
19 1 .4 3 285 298 4 .4 5
20 1 .4 3 285 299 4 . 1 9
22 1 .4 2 285 298 3 .6 2
2 k 1 . 3 4 285 298 4 .4 7
30 1 .5 0 285 302 3 .8 3
31 1 .3 9 285 302 3 .9 2
32 1 .6 0 285 302 3 . 6 ?
33 1 .6 0 285 302 4 .0 0
3 4 1 .6 0 28 4 300 3 .9 7
36 1 .6 5 285 302 4 .0 7
38 1 .5 7 285 302 4 .1 0
39 1 .5 6 285 303 3 . 5 8
k o 1 .5 6 285 303 3 . 9 0
k2 1 .5 7 285 3 0 2 . 4 .0 5
58 4 .4 6 1 74 298 3 .8 0
59 4 .4 2 1 7 4 298 3 . 4 4
60 4 .5 8 1 7 4 298 3 . 5 9











T e m p e ra tu re
( K . )+
M easu red  volum e 
o f  i r r a d i a t i o n  
t u b e  ( m l) *
65 2 .7 3 1 7 4 296 3 .7 7
66 2 .5 7 174 296 3 .5 1
68 2 . 8  2 174 300 3 .5 8
69 2 . 8  2 1 74 300 3 . 8 6
71 2 .8 0 174 299 3 .9 5
77 2 .2 5 173 296 3 .5 0
78 4 - 5 4 1 7 4 297 2 .8 8
43SHe 1 .5 7 285 301 4 . 1 8
4 4 s ®* 1 . 5 4 285 301 3 .9 2
45 3he i . 5 o 285 299 4 .1 5
46SHe 1 .4 7 285 299 4 . 3 9
50SA r 2 . 7 k 174 298 3 . 7 6
5 lS A r 2 .8 8 1 7 4 299 4 -3 3
52SA r 2 . 9 4 1 7 4 299 3 .9 3
53SAr 2 .9 3 1 7 4 299 3 .5 7
6 1 S I2 4 .4 3 1 74 296 3 .5 1
+ ro u n d e d  o f f  t o  n e a r e s t  w h o le  n u m b er .
*  d o e s  n o t  I n c l u d e  volum e o f  b r e a k  s e a l ,  w h ic h  v a r i e d  
i n  vo lum e f ro m  0 . 1  t o  0 . 2  m l .  ( a v e r a g e  0 .1 3  m l . )
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